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A TRANSCEIVER METHOD AND SIGNAL THBREPOR EMBOIHED IN A CARRIER 
WAVE FOR A FRAA^ASED COMMUNICAHONS NETWORK 

BACKGROUND OF THE INVENTION 

The present inventi(») lelaies to the Held of commiinications; and, in puticular. to a frame- 
As comiRitm become inore and inore cost effective for the eveiyda^ for 

tmsUbusmesses, such compato become more plaitifdf(» use ^ 

•udi as hames, office bidldingi and the like. For example, witbni a home a penoii with a 
annpnter in the bednom, and another in the fivit^ room, may want to ihaie oomman jBJea. 
utiHze aoommon ffigita) nibscriber line 0>SL), or otheiwiK tnnsfer information between the 

computezB. Accordingly, vanous technologies are being developed for compnter interconnection 
of mnltiple computeis located within such environments. One exBnq>te of such technologies are 
the Borne Phoneline Netwotk Alliance (HPNA) specifications for local area netwoik (LAN) 
computer intenxinnecti(}n which utilize existing tetephfsw lines within the local en'vi^^ 
the tnuismiasion of data packets between the computerB. 

Rg. la diows in block diagram fami a general home networking envimnment within 
wdiidi the pBsem invention cm be io^eineateA Home netwoik 10 indudei exists 

tdd telepbone ser^ (POTS) wiring 12. oetwoik clieiits 14. the conqiater port aide of 
nradem 16 and fax 18. POTS wiring 12 provides wiiittg infiastracture used to netwoik la^^ 
clients at a customer premises (e.g.. home) 20. POTS wiring 12 can be conventional unshielded 
twisted pair (IJTP) wiling that is generaUy nxjted mteraaUy in the walls of fte customs 
20 to various locations (e.g., rooms) within the customer premises. Subscriber loop 22(also called 
a local lbop*0 is a physical wiring link that directly connects an individual customer picmises 
20 to the Central Office through telephone network inteif ace 24. a demarcation point between 



are aystems that pnividBcomMonicatiop between conyute rs as reliably and with as high a data 
niB as possible. Conmnmicadoo overiesidential leleiriione wiring is provided through invodi ve 
traipe-ariented link, media access and physical layer pncoools and i m p le men t aiion techniqnea 



Refeiiing now to Hg. I b, those skilled in the art can appreciate that home phone-line 
netwoik configuration 10 can also utilize mteiface 6010 to provide signals outside nn^tnnifr 
premises 20. For eumple. imeiface 6010 can include a V.90 modem as dbsciibed above, 
connected tfajough the central (rffioe to an intemet service provider. Interface 6010 can include 
aa ADSL modem, a VDSL modem or the like transpon imerilKe. 

. Anodier desired solution for Ugh qieed data oommunicaiiona aiq)eam to be caUe modem 



systems. Cable modeou are cq)8Ue of providing data rates as high as S6Mbps, and is thns 
snitalde for h^ speed file transfer, hi a calile modem ^stem. a beadcDd or cable modem 
terminatia) system (CNfTS) is QiiMcally located at a caUe company faci% and ftmcttons as a 
modem which services a large mmibernbsczibeis. BadisnfascriberfaasacatdemodemCCM). 
Thus, the CMTS facilitates bidtrectional communicalion widi any desired one of die phirality of 
CMS. Refening to HG. Ic. a hybrid fiber coaxial (HFC) netwoik 1010 facihtates the 
transmission of data between a headend 1 012, which includes at least one CNfTS. and a plinzlity 
of homes 1014, each of which contains a CM. Snch HPC networlu are commonly utilized by 
cable providers to provide Internet access, cable television, pay-per-view and the like to 
sttbacriben. ^qproximately SOO homes 1014 are in electrical comnmnication widi each node 
1016. 1034 of die HPC netwoik 1010. typically via coaxial cable 1029, 1030, 1031. AmpUfien 
lOlS ftdlitaie dw ekctdcal comiectioo (rf the more distam homes 1014 to die nodes 1016. 1034 
by boosting die electrical signals so as m desirably enhance die signaMo-noise ndo of snch 
cotnmnnications and by then transmitting the electrical signals over coaxial conductors 1030, 

1031. Coaxial conductors 1029 elecnically intcitxninect the homes 1014 with the coaxial 
conductors 1030. 1031, which extend between amplifiers lOlSand nodes 1016, 1034.Eachnode 
1016, 1034 is electrically connected to a hub 1022, 1024, typically via an optical fiber 1028, 

1032. The hubs 1022, 1024 are in communication with the headend 1012, via opdcal fiber 1020. 
1026. Eachhid)iatypBcaI]ycipddBof bsaUtatiDgcomimnucaiionm^ 

homes 1014. Tbeopdealfiber 1020. 1026 eaoending imwmrriiaTP die beatknd 1012 andeaeb bub 
1022, 1024 deSnes a fiberiingiiduiA is typkaUycqidilBOffiBdlitating communication between 
qipioximately 100,000 homes 1014anddieheaddidlOI2.T1)eiiBadeDd 1012 may mchidevidm 
servers, satellite receivers, video modulaton. telephone switches and/or Interact routers 101 8, 
as well as die CMTS. The headend 1012 comnumicates via transmission line 1013, which may 
be a Tl or T2 line, with the Internet, other headends and/or any other desired device(8) or 



Given dwHFNA environment and the Cable Modem System en vironinent, an oppoitunity 
csuats for a systan providb- to intqiiaie eadi leqieeiive nviromaem witti voke services. Hfr 
Id depots such an inti^pntedeoviraonniL As can be seen mHg. Id. a connection pcnnt in die 
home to die telqihony world (ag., die world of video, virice, high ^eed data network t^ 
could be provided to a home user dmwgli cable modem 1046 which woaUmdutk an HPNA 
transceiver. The cable modem system provider may also wish to acoomodaiB providing telephone 
service along with fai^ speed data service. A home coinputer user, rather than using a traditional 
modem to connect to an intemet service provider, would find it convenient to utilize cable 
modem 1046. taking advantage of the very high speed data service provided by the cable modem. 
Having a cable modem customer, the cable modem provider may also find it commercially 
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faoieficial to ofEer vidm feeds, and tdeplMn lervke cm 

A catte modem having n HmA y2 tnmcewo'iiKdi^ 
into the lume pboae line netwisk ifaioug^ (^gjq,^,^ 
ctmpkd to die home nrtwodc then comnmnicate tfanx^ tbe cable tnodfem to the ontsidB 
tdephony wodd as described above. Telepfaone service comiiig ftom outside die costooKr 
pirnnises over the caWe modem systMD woQld be in a digitized poc 
proceed over die HPN A netwoik in die same digitiwd packeting fonna^ 
to having computen and (be like attached to die HPNA netwodc, wished to have an analog 
telephone(8)cqmiectBdiDiheHPNA,dietelepbone'(8)analog8igi«flfl^ 
convemon and put dw digjtal infwmation into packets for passing the paiicts b«i and forth 
over die netwoifc. Ibe anak>gtdepix»e stgiial isnmpled Bul packet!^ 
rate creating die packet afia- a certain ouiiber of lanqiles. 

TbeigfoiB, to dfectively openfle in tpch c oni ii mnic ationa netwgik eaviionmeats a need 
exists for a iranacd ver n«dKxi and rignal dieidiw eoibodied in a CMiitf WW 
communications network. The present invendon as described and claimed in tUs qipdication 
provides a sohidon to meet such need. 

SUMMARY OF THE INVENTION 

In aooocdanoe with one aspect of die pteaeot invendoo a 
cnriNxSed in a earner wave for sending infonnadon bom ti 
over a ttansmissiao medimn of a frame-based communieidaiis netwodc is {mvidBd Hie 
infonnarion is sent in transmit frames having a frame fannat comprimg ■ fi«rf rmtr, h*»>w 
foUowed by a variable rate payload, fbUowed by a fixed rate trailer. Tlie fixed late header 
includes a preamble. Tbe preamble has a r^don of four symbol sequences for fadlitadng 
power esdmadon, gain oontiol. band frequency ofEut estimation, equalizer training, earner 
senamgaad oomaion detecdoo. The pneanible also inchides a frame control field The frame 
<»au>>l fiddhas acrambtercontrol infonnatiop f cm- frame ammihit^g mrialiiation, a priority field 
to riBlriminf die disohite priority a bansmit frame will have when itenniniqg access to die 
tmsmission mediiim. a payload encoding fieU which determines oanscelladoa encoding of 
payload bits in die variable rate payload, and a header check sequence for piovidiqg a cyclic 
redundancy check. The variable rate payloadis transmitted pursuant to dynamic adjustable frame 
encoding parameteis for inqwoving transmission peiformance for a transmit fiame being 
transmitted from a transmitting station to a receiving station, llie header also inchides a 
desdnadoo addtess field, a source addiess field and an ediotype field. 

In accordauce widi a frudwr aspect of die present inveodon mednd fbr prodding 
dynamic ai^ustineat of frame encoding parametcra is provided to i 



perfonnanoeforalransiDitring frame bemg transmitted fromatiimsnii 
station over a ttansmission medium OT a framo^jased commimicatiom network, die tran^ 
frame having a header segment and a pajdoad segment, die header segment being transmitted 
iisingafixodaet of encoding paiameten, die payload segnrat being liBOsniittedusinga variable 
let of payload flDoodtiigpanmaeieis. The tnntmittiittiiaito tmsmilting frame using 

one set of die variable set of payload encoding panmeien tt a time. Tbe lecdving station: (I) 
receives anl decodes die header segment of each tiansmitting frame, (2) pcrfbnna a (kcode 
process on die pqfioad s^mem crf'each nansndtdng frame, and ddier tendes die payload 
segmemwidioateiion wherein die fraine is conaiderBdsuceessfunyiBcdved, or ikiects an ero 
occunenccm die decode proocM. (3) measures and tiMis die performance of die fiame decode 
process, (4) de termine a networicperfonnanoe chsmar^ait-jiftrrt^hKzh jj^ i drmrd pnfnnnimcc 
baaed npon measuring and tracking the perfoimance of die fiame decode process, and (5) 
indicatts to die t nmamittin g station changes to die pajload encoding parameters based upon 

a. Hie 

die one set oftbe variable set 

die payload encoding parameters indicated to die ttansmitting station for encodiiig next fimtie 

In accoidance widi anotiicr aspect of die present invention a mediod for selecting fhmie 
encoding parameteis to improve transmission performance for a transmitting frame being 
transmitted ftom a transmitting station to a receiving station over a transmission medium of a 
frame-baaed c o m mun ica ti ons nctvwiric is provided, die transmitting frame having a header 
leipiiem and a payload segment, die header segnKot being transmitted using a fixed set of 
encoding paramcteia soch diat dn header segment can be received and decoded by all stations 
OD die nrtwoik. die payload aegnwit being iiaasmittBd using a variable set of payl^ 
paiaiiietos, die ttansmiding station sending die ttansmitting fiaiiienahig one set of die variable 
■ot of payload encoding parameters at a time. Tbe receiving alatiao receives and decodes die 
header and payload segments of each transmitting frame. The decoding uichides computing 
frame statistics. A plurality of seu from die variabh; set of payload encoding paiameten are 
selected to fans apossible set of payloadeocoding panmeteis.Rireach set of payload encoding 
parameters in die posaiUe Ht of payknd encodiiig parameters an estimate of network 
peifouiiaiicecbanctBrisdca expected if die uansmitdiig 

station were to transmit the transmitting 
frameuaingdiataetQfpayload e ncoding paiaioeten is geimtfBd based up^ 
A set of pqrload encoding pannneiera having optimized network peifonnance chaiaciedsdcs is 
selected based upon die estimates of expected netwodc peiformance for each set of pa^oad 
racoding parameters in the possible set of payload encoding parameters. 

In acoordanoe widi a fiitdier aspect of die present invetaion, amediod for selecting ftaine 



encoding parameters to imiaove transmission performance for a transmitting ftamc being 
transmitted ftom a transmitting station to a receiving station over a transmission mediom of a 
frame-based co mmimic ations netwoik is provided, the transmitting frame having a header 
■egment and a payload t^gmeni, die header tegmem being tnoamtded using a fixed set of 
encoding pannnctHB soch diat die header segmem can be reed ved and decoded by aU stations 
on die networic, die payload seginem being tnosmitiBd using a variable set of payloadenc^ 
parameters, dw traasinioing station aending die transmitting fraine oaing one set of die variable 
set of payload encoding parameters at a time. Tbe receiving station receives and decodes flx: 
header and payload segments of each transmitting frame. The decoding includes computing 
fiame statistics. A plurality of sets are selected fiom die variable set of payload encoding 
parameten to fonn a possible set of payload encoding parameters. For each set of payload 
encoding paianielen hi die possible set ofpayload encoding paranEten, an estimate of network 
perfonmanoe chaiacteristics expectedif die transmitting station w«ie to tzansmitdietnnsnutting 
frame usmgdiat set of payload encoding parameters isgenentedbaaedtvon die frame statistics. 
A set of pa^ioad eocodmg parameteis having optimized petwoA pet fo m ia iice chanctmstics is 

parameters in die possible set ci pajload encoding parameten. Ite frame statistics include a 

slicer maximum squared enor lor die header aegmem and a slicer maxinmm squared error fiir 
the payload segment 

In accorianoe widi anodier a^iect of die pieaent invention, a mediod of determining a a 
aimtofatiBnsnriOBdftameataiBceivnronafrainB-basedcommimicationsnetwoikis provided. 
A prcambk foimat for die innsndtted frame is provided wherdn a plndity erf ideadcd Gopi 
of a pveanible symbol sequence am transmitted sequentially. A nceiyed trans 



filtered using filto- coefficients matched to die preamble symbol sequence to ptoviAs a 
correlation sequence. A squared- m ag n i tu d e of die correlation sequence is computed. The 
squared-magninide of die correlation sequence is low^ass filtered to provide a low-pass filtered 
correlation signaUow-pass filtered signal. The low-pass filtered correlation signal is del^ to 
provide a delayed low-pass filtered conelation signal.The delayed low-pass filtered conelation 
signal is multiplied by a fim fixed predetemrined doesboU to ptDvide a muIt^tQ^ 
signal. Tbe midtipliedconclationngnalisooinparedwididielow-passfilt^ 



and the energy is low.pass filtered to provide a low-pass filtcsed energy signal comparing 
dttected eoeigy to a fixed energy dneshold to provide a direshold conqared energy signal. The 
low-pass fihered energy signal is multipUed by a second fixed predetermined dneshold to 
provide a multiplied energy signal. The dneahold compared low^iass filtered conelation signal 



is compmed widi die dneshold compared maUtipHed energy signal to provide a correlation peak 
indicator. A logical-AND of die cunelation difference indicaior and the correlalion peak 
indicator is formed to determine a mateh/no match comparison indicative of die start of a 



In accordance widi a fnrdier ajpert of die piesent invention, a mediod of determining an 
end a transmitted fran» at a receiver on a frame-based ooimnuiicatiotts netwoik is provided. 
An end of frame format for die ttansmitted fiame is provided havhig an oid of frame phnality 
of symbols. A received transmitted frame is filtered using filter coefficients matched to die end 
of frame plurality of symbols to provide a correlation sequence low-pass filtered signal. A 
squared magnitiirir of die conelation sequmce is computed. The squared magnimde of tbe 
conelation sequence is low-pass filtered to provide a low-^iass filtered correlation signal. The 
low-pass fittcred correlation signal is dels^ to provide a delayed low-pass filtered coirebtion 
dgnaL Tlie delqicd tow«pflss filtBSBd eonelatioD ligiial is imdlqiUcd by a fixe^ 
dneshddtoprovideainnltipliedooirBlatian signal. Themuli^liedGoticbd^ 
widi die low-pass fihered correlation agnal toprovkle amatdi/iio match conqiarisoa indicative 
of die possible end of a transmitted frame. 

In accordance widi a fijrdier aspect of die present invention, a mediodof determmingdiat 
a collision between two or more transmitting stations occurred al one of die transmitting stations 
on a frame-based communications networic is provided. A header forfnat for die transmitted 
frame is provided, die header format tnchiding a cyclic preamble, destination address field, 
BOotce address field and fixed guard field, die destination address field and die sotuce address 
field Immediatdyfrdtowingdiepreaii^anddie fixed gnanlfiddfbUowtaigd^ 
field, die cycUc preambte having a cydic pnanibk friinaat wheimn a idurali^ of ideaticd copies 
of apieamble symbol sequence are transtnitted sequentially. A least-squares diannel i^Htwtf 
ofan echo channel between a station ttansmitler and a station receiver is connoted. An estimate 
of received sanqiles of die source address field of die transmitted frame is conqioted. Tbe 
estimate irfiecdved samples of die source address field of die transmitted fiam is subtracted 
from srtual received samples corresponding to die source address field to produce a source field 
enor vectoriowipass fittoed signal. An (La) nonn of ewh term of die source field error vector 
Is compotcA An estimaiB of leceived samplea <rf second and ddrd copies of die cyclic preamble 
is computed An estimate of reedved samples of drird and fomth copies of die cyclic pream^ 
is cofx^uted. An estimate of error power in die second and ddid copies of die preamble is 
computed. An estimate of error power in die dmd and fourth copies of die cyclic preamble is 
computed. A collision is declared if (1 )an absolute value of an estimate of 1 0*logIO of die enor 
power in die second and dmd copies of die preambleminus I0*logl0 «rf die estimate of die enor 
power m die drird and fooidi copies of die pneanihle exceeds a first dJTBshoH or (2) a 2IW^ 



of a maximuin valiie of the iwnn of eadi tmn of a souR» field enm vector IB^^ 
a giMto" of the estimate of tbeenco'powca' in the second and third copies of the cycUcpicaiDUe 
and the estimau: of dte enor power in the third and fomth o^ies of the preamble exceeds a 
second threshold. 

In accordance with still another aspect of the present invention, a medwd of sharing 
information among a pluratity of stations on a communications network is provided, each of the 
plurality of stations being capable of transmitting and receiving frames over the coxmntmications 
networic between my one station and all other itaiiom. A gntup of ^gieedH^oa flags is 

T^il^JialiijH, tarii wf aihirh fwy hnanarpifammlhym rtirttnn nf th#> roir|iifiinii«^rtif mf nrtvitf^ 

at aoy given vioc- Ffenodie tiiiiing is provided io eocb statioQ thtt expires tficr an tntcn'ali the 
Interval being mmimnn among all die stations and being at least long enough to allow eveiy 
station on the commnnications network to transmit a plurality of frames. A common frame 
foimat is defined providing the capability of specifyi ng a current transmit flag set, an old transmit 
flog set, and a current receive flag set. Each station maintains: (1) a onrent transmit state set 
indicating by the agreed-upon flags the cutrent capabilities and status flags for that station, (2) 
a incent tiiner expinuion set iiulicatiiig by the agrcedHipon flags the capabihties ai]d ann 
status fl^ for that ttation as Ibey wen at a most leoett expintion of the periodie tin^ilg, (3) a 
previoiu tmer expinttioD set mdiciitHig by ibe agreed-upon flagy the capabilities snd stttns for 
that station as ibtiy were at apemihiinatBeaipitation of theperio^c timii^ (4)acuiieiit ttamoA 
received set iodic aung by die agfcedmpua flags a k^cal omOD of tSl copies of the cunent 
transmit flag set received in fiames from other stations, and (5) a previous lecdved set indicating 
by the agreed-tq»n flags the ctment tnmsmit received set at the most recent expinitton of its 
timer. A control firame is Bcnrrated by a transmitting station wherein: (1) the current transmit 
flag set is set to a logical union of the cmieot transimt state set and the recent tiiiier expiration 
set, (2) the cmnmt recdve flag set is set to a logical union of the cuiTcnt tnmsmit received set and 
the pievioiis reodved set, and (3)ihe old transmit flag set is set to Ibe value of tbe previous timer 

otherstations on the comtnunications network eacbtinae a flag in any ofthe logical nmoM is set 

In accordance with a further aspect of the present intention, a method of enfaanciiig 
network transmission between stations on a priority-enabled frame-based cammunications 
network is provided, the communicaiions network having multiple transmit priorities and 
transmitting frames such diat a network access time to transmit a frame of a lower transmit 
priority is longer than a networic access time to transmit aframe of a higho' transmit priority, the 
number of transmit priorities being fixed and all stations being capaUe of tiaiismittiiig frames 
at any transmit priority. The method applies to each station. An initial transmit priority is 
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estd>iisht4 for each frame to be transmiaed A set of inidal nansniit priorities asslj^ tofir^^ 
transimtted on tfw oomnsniiicatitms netwoik is maintained. A set of final Iran 
fstabliabed oontainiiig U^iest possible priorities, one final transmit priority bang associated with 
each member of die set of initial transmit priorities, such diat a highest initial transmit priority 
is assigned to a hi^iest possible priority, a next higjiest imtial transmit priority is assigned to a 
next highest possible priority, and so forth. Ordered fiames are transmitted onto the 
oomnninications network, each frame using a final transmit priority associated with the initial 
transmit prioiiQr eamUisbed for the each frame. 

In aoconiaiioe with a ftmfacr aspect of die present invention, amethodforadecdogan 

attached to a transjiiissioo medium is provided. Hie phnali^f of stations include both a first type 
station anda second type station. The first type station is capable of transmitting and receiving 
first protocol frames in aocordance with a first protocol. The second type station is cqmble of 
transinitting and receiviiig both first protocol fraines and second protocol frames in accordance 
with a second protocol. The first protocol and the second protocol each use different signals on 
the transmisaioo medhim. The fiist type station is not capabte of reliably detecting second 
protocol DaiuBSi The first protoori has a first protocol frame fbimat containing at least two 
reserved tets in a first pi^J^ki^ frame header which are ignored in received frames by first type 
stations and always sent with a same fixed value by first type stations. The first protocol frame 
fonnat is redefined to piovtde an updated fiist protoccti frame header vdierem two iBttrved bits 
in the first protocol frame header are allocated as a mode selection indkalor field m the updated 
first protocol frame heafte. Tbe mode selectiao indicator field has tneaning for aeoood typt 
stations. 

In aocordance with another aspect of the present invention, a method for distributing seta 
of collision resolDtion parameters to be used for resobitioo of netwoik access oonteotion events 
among nodes of anon-centralized media access cunliol shared medium netwmk is pnwided. A 
set of collisioii resolution paiameten is provided ^triiidi inchides a sentience of fixed imiiilffJH 
for Rsohrii^ a sin^ netwoik access oontendoo event A inigle collision signal skit noastertiode 

in idenrified urfim fwwi nr tnnm canrfiAiti'- wiflimnii nigiml ulnt in»«lnrTinrii!!i nxisi , f>>Hifyy yipffll 

dot request messages are sent from client nodes addressed to all network nodes. Collision signal 
slot assignment messages are sent from the master node to the diem nodes. AcoUisioniesolutian 
pBiameter set to be employed by diat given client node is obtained at a given client node from 
within a received collision signal slot *««igpniwnt message. Collision signal slot acknowledgment 
mrwapes are sent finm client nodes addressed to al) oetwmk nodes. Collision signal slot drop 
message am sent fion client nodes addressed to all network nodes. 

b aoconiaiioe with a fbither aspect of the jaesent invention, a method of and apparatus 


for optimizing signal transfaimatioD from a twisted pair transmission line to a combination 
txansmitter and receiver for a frame-baaed coimmmications networic is provided, the transmitter 
having a transmit ouqput pair port for transmitting signals onto the frame-based communications 
nctworii over the twisted pair transmission line, the receiver having a receive input pair port for 
receiving signals from tl» frame-based communications network over the twisted pair 
tntisinissitai line. A tfansfconer is coiqded between the twisted pair tnnsjmssion liw 
<tf the tiansnd t output pair port and llie receive iiqiot pair pcift. The iransfiHmer has a ooi 
tbe twisted pair, a transniit coil across the tiansinftouQim pair port, and a lec^ 
iBoeive inpot pair port. A transfer ratio between die transmit ooil and the coil across the twisted 
pairisqKimized for transmitting signals. A transfer ratio between the receive coil and the coil 
across the twisted pair is optimized for receiving signals. 

In accordance with still another aspect of the present invention, amethod of and apparatus 
for ndse reduction for a ttansceiver transmitting frames over a transmissioDinedium in a frame- 
based communications netwoik is provided. A transceiver transmit path and a transceiver receive 
path is providedL A UocUng switch is located hi the tmsoeiver tnnsmit pslli, d» tflocking 


clodk as a leferaice in leqionse to a message frtim the master node. Packets for transmission al 
sUve nodes aocardrng to deteimined hiture beet packet assembly time infonnalion. Packets at 
slave nodes are dwn transmitted according to dw deteiimned future best paclot assembly tiine 

fai accordance widi still aoodier aspea of die present mvention, a method of coatrollmg 
dalasaoiitog clocking ofasyncfanmousnetwoiknodea is provided, each asyndrnmousnetwodc 
node having a local dock and transnuttiQg and reoeiviiig packets to and from an asynchronous 
tiBtMwricaccoKlingtoanasjmcfaitinousiietwMJtrnfxBa access ptiitocd. An a^^ 
node capalde of transmitting and receiving packets on the asyncfanmous network is designated 
as a master node. Each non-master asynchronous networic node whidi desires to synchronously 
transport packets across the asynchronous netwoik is designated as a stave node. Amasternode 
clock of the master node is synchronized with a slave node clock of each slave node. Each slave 
node clock is contimiously corrected con^mred with the master node dock to smooth slave clock 
exTCH- to an average of zero coaqKsed widi the master dock as a reference in response to a 
message nabigtizqestampinfoniiadan from die master node. Aderivative dock at the slave node 


propagation and circuit device noise coifiling from the transceiver transmit path to the 
transcdverieceive path when die blocking switch is disabled. Hie blocking switdi is disabled 
when the transceiver transmit path is not transmitting frames over die frame-based 
comtTiTmi cations network. 

In accordance with n further aspect of the present inventioo, a method of providing 
synchronous transport of packets between asynchronous netwoik nodes is set forth, each 
asynchrontnis netwoik node having a local clock and transnutttng and rccdvtng packets ID a^ 
from die asyncbfonous netwoik according to an aoncliionoos netwoifc media access pntocol. 
An asynchronous netwoik node cqnble of transmitting and receiving packets on the 
asymJiKuiOMs uciwiiL is dcaignaifld as a master node. Bach nnn-inastBrasyncfaioiiocs netwodc 
node whidi desires to syndtronously tmu^mtt packets across the asynchronous netwoik as a 
slave node is designated as a slave node. A master node clock oftheinaster node is synchronized 
with a slave node clock of each slave node. A best arrival time for the reception by the master 
node of each particular packet transmitted by each particular slave nods is determined at the 
master node. Best arrival times for packets transtnitted from slave nodes to the master node are 
oommumcated from the master node to the slave nodes. Best packet assembly times for packets 
to be tnoisnntted by the particular slave node to the master node in die ftitun in onler for the 
pockets to be received by the master node at future roaster clock itfeieoced best arrival times are 
detcnnined at eadi dave node. Each slave node clock is condnuously oonected oonipaied widi 

the matter mirir.fiinnk to smooth riaveclnek itrnirtnan iiii»>nigt» nf Trmrttm^eirna until thw mintw 
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node. 

BRIEP DESCRIPITON OP THE DRAWINGS 

Rgs. la. lb, Ic and Id are sinqdified block diagrams showing a home networidag 
environment within which die present invention can be imjdcmented. 

Hg. 2 is a seven-layer netwoik stack modd. accoding to the ISO seven-layer netwodc 
standard, as used in accordance with the present invention. 

Figs. 3a and 3b show a broadcasttamlt^Mim netwoik and a pomt-t»iNinit aetwodt. 
respecti vdy, for use in aoooidance with die presem inventian. 

Rgs. 4a and 4b show respectivdy an miegrated MAC/PHY aspect and an analog frtxit 
end aspect of an cmbodiinent of the present invention. 

Rg. S depicts in block diagram fomi a transmitter aspect of an embodiment of a PHY in 
accordance with the present invention. 

Hg. 6 shows the frame fonnat in accordance widi the present invention. 

Fig. 7 depicts the frame control field in accordance with die present invention. 

Hg. 8 shows the frame control fields transmission order in aocordance with the present 
invention. 

Fig. 9 depicts ttie payloftd encoding values in aoooidance with the presem invention. 
Hg. 10 shows fields as described in lEEB Standard 802J. 

Iig. 11 depicts die frame-syncfarooized scrambler in accordance widi the pieseat 
•10- 



inveuiion. 

Bgs. I2a-12g show the biMyndMlnaqipaigpc^^ 
tccoaiance. with the present inventian. 

Rg. 13 depictB the telaiivB scaling of (fiffeieDt oonslBnaiioos at a tingle baud me in 
accoidattce with the pmeat inveotxaa. 

Rg. 14 ilhistntea2MBaudio4MBaudaid4MBaiidto2MBiiidtiansi^ 
with the present inventian. 

Hg. IS Atowt in Mmptified block diagnon finm an «f Tnp lr QAM ii 



Rg. 16 depicU coaqtantiility mode frame fionnilii^ in «'r«t»im^ with die imseol 



Rg. 17 shows die transmitter aspert of the PHY embodiment o 
nude in aocndancs with (he ptesent mventioiL 

Rg. 18 depicts the foimat of each subfirxme and gap for the 2-Mbaud header in 
compatibility mode is accoBdance with tbe pncwnt invention. 

Rg. 19 ahow the fonnat ferall of the h« of the 4-Mbai«lpayload suhfran^ 
in oonpatifailiQr nuide in aocordanoe widi the present inventian. 

Rg. 20 shows the EOF/EOP symbol sequence for the 2-Mbatid payload case in 
oompatibtttty mode in accordance with the pieaem invention. 

Rg. 21 shows the EOIVEOP symbol sequence for the 4-Mbaua payload case in 
coiiipaiibility mode in acconlance with the present invention. 

Rg. 22 depicts die compaiibihty nK»de firaoKin conpmclion 
in accordance with the pieaent invention. 

Rgi. 23a and 23b depict the metaUie power specual density assodated with the 
tiBntmiaer in accoixlance with the present invention. 

Rg. 24 shows die inngnini d f of flwtmnainiiteroiaput in accoidance with flie present 
invention. 

Rgs. 25 and 26 depict maximum peaik-to-peak intnfaer level overfiequeocy nrnge in 
accoidance with die piesent invention. 

Rg. 27 shows nunimnm impedance over frequency range. 

Rg. 28 shows an exanqile of mput impedance in view of a lower boond mask over 
frequency range in accordance with the piesent inventian. 

Rg. 29 depicta die MAC logkai layeia and oonospcBidnig fimctions hi accoidance 



Rg. 30 shows m ftmctional block dtatgnon fonn an embodinnit of a 
accoidance widi die piesent invonian. 



Rg. 31 depicts a vaUd frame transmission with respect to the carrier sense function. 
Rgs. 32 and 33 depict signal and priority slots mvolved with transmission and colliaian 
s in aoeonlancB with the preaeat iaventioiL 

34a and 34b diow liananiisaiosi aqiecia widwit and widi priority access. 
Rg. 3S ibofwa leagdi of ctdliaiaaa and BOD-cidBdcBS. 

Rg. 36 indicates variotB MAC peiamBtm in aocflsdance with the present mventioo. 
Rgs. 37 and38 depicts basic formats for link control fran«s.IongBnlHype awl short sub- 
type, respectively, in acoon]anoe with the present invention. 

Rg. 39 shows rate request control frames in accordance with the preaeat invention. 
Rg. 40 mdicates die assigned vahjes dm may qjpeai m the band descriplioo eotnes ID 
the rate request control frames in accoidance with the pieaent invention. 

Rg.41indics«eidievahwthatniayappearnUieOpCodBentiyindieiaiereqae8tconin)l 
fianieinai 

Rg. 42 ij 

Hgs. 43b and 43b show ataiB diagrams and tabfc faivoWing link integrity fimctiooa^ 
accordance with the present invention. 

Rg. 44 depicts a Imk mtegrity short frame in acconlance wiA the present invention. 

Rg. 45 indicates a compatibilitcs ; 
with die present invention. 

Rg. 46 shows compatibtlities and status ai 
with the present inveuiion. 

Rgs. 47 and 48 depict variable and t 
capabilities and announcemenu fimctionali^. 

Rg. 49 indicates basic sets of status and priority infoamaiian m accoidance with the 
ciyabi li ties and announcencnls fimctionality. 

Rg. SO shows eotopostte sets in accordance widi die cqMUHties and annooncci^ 

functionality. 

Rgs. 51a and 51b show exanqtolmk layer laioiities in Kxoidancewfth die present 
mvendon. 

Rgs. S2a - S2U depict variont LARQ fivna 




fai accordance widi the present 

Rg. 53 shows variables and parameters involved widi the LARQ snder opoadon in 

with the present invendon. 
Rg. 54 shows variables and parameters involved widi die LARQ receiver cqxaaion in 

widt die present invention. 
Rgs. 55a and 55b depict vendor specific fonnats widi regaid to link layer protocol in 



Fig. 56 8] 



e decision logic in acoordance wifli the 



Fig. 57 depicts an embodiment of the kw-dd^ detector of the earner sensor in 
accoidance with die present invention. 

Fig. 58 shows an example of an averaging circuit for L* n=l 6 samples of the carrier sensm- 
in accordance with the present invendon. 

Fig. 59 depicts die robust detector of tbc earner sensor in accordance with the present 



Fig. 60 diows dm first teat of die endi«f-caiiier detector of die carrier sensor in 
■cooidBoce with the present invention. 

Fig. 61 depicts a state diagram involving an einbodiment of die canicrseinar. 

Figs. 62a and 62b show course dB table values and fine dB table values, teqiecdvely, of 
an example embodiment in accordance with die present inventioo. 

Figs. 63a, 63b and 63c show a preamble, channej and characterizatioo signal in 
acoordance with the present invention. 

Fig. 64 graphically depicts a template signal in accordance wids the present invention. 
Fig. 65 shows aconqarison dirant to provide UMtchAm match assessment in accoidance 
'die present mvention. 

Figs. 66a and 66b show respectively unsigned 7.2 vshies and unsigned 3.2 values in 
accordance with the present invention. 

Fig. 67 shows an embodiment of a power estimation subcircuit in accordance wifli the 
present invention. 

Fig. 68 shows a MMSE FSE / DFE structere in accoidance with the present invention. 
Fig. 69 dqiicts a qift vnnding transfbnntt in accordance witii the presem inventiim. 
Fig. 70 shows a VoIP system in accortaoce with Ac present invention. 
Fig. 71 shows packet arrival timing relatioaships in aeootdaoce wifli die present 



Figs. 72a and 72b 
respectively in accordance wifli the present 

Fig. 73 depicts a VoIP system in 

Figs. 74 and 75 
flie present invention. 

Fig. 76 shows 



accordsnce widi flic present inventian. 



: Frame fimnat in accoidaDce with die 



Fig- 77(1) ' 77(2) show die Tlraesiamp Report Frame fimnat in aoocndaiKe wiflt the 



present invention. 

Rgs. 78 and 79 show MAC pin fimctionality m accordance wifli the p 
Rg. 80 diows a timing recovery circuit in accordance wifli flie present mvention. 
Rg. 81 dqricts DPLL jitter in accordance wiUi die present mventi<m. 
Rg. 82 shows a limited timing rccoveiy circuit embodinient in accordance with die 



s pin and bit iocatiaos in accordance with the present 



Rgs. 83a - 83g depict v 
invention. 



Rgs. 84a and 84b show DPLLotBpot jittor in accoidance wifli fl» present favention. 
Rg. 85(l)-85(3) shows a Uniestamp Report Message m accoidance wifli dw present 
tion. 

Rg. 86 shows aTimestampRequertMMsage in accocdance wifli the piesent invention. 
Rg. 87 shows a Hmesiamp Slot Request Message in acoacdanoe widi the 



Rg. 88 dqiicis die ITU G.712 qiecificstioa ficir total distortion in acconlanoe 1^ 



Rgs. 89a, 89b and 89c show various SNR m accordance wifli die present mvenflon. 
Rg. 90 shows jitter clock characteristics m accardance whli die present invention. 
Rgs. 91 and 92 show, respectively, ADC and DSC data paflis of an analog test chip hi 
aocodance with die present invention. 

Rg- 93(1) - 93(2) show various CSA flags in acconlance wifli die piesent invention. 
Rg. 94 shows die fonn fir CSA extension for CSS in Kxxinlance wifli die 



Rg. 95 depicts deshsd codrags for ttie CSS register hits m accosdance wifli flie Piesent 

invention. 

fig. 96 depicts a PCOM field utilized in accordance wifli inode selection aspects of die 
present invention. 

Rg. 97 depicts die relative precedeiiDe of variable cmplojed in mode detennination m 
acooidanoe widi flK present mvention. 
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OETAnfD I>ESCRIITK>N OF THE INVENHON 


atiangement of layeis and need not be recounted here. 


Befiae addressing the Vojce nqwcts of the present invendan, the Hixiieiietworidiig 


la &ame4»sed netwoiks, there are two fundamental models or tcqxdogies: 1) 


in^ilementatioo aspects will be fint addressed. 




Ifomeiwtvrailcing Implementation Aspects 


Tnwtium, and use a sin^ shared channel and frames transmitted on t}» network are visible to 


A commuoicat>(ms netwoik typically inchides a gtoop of nodes interconnected by a 


all nodes; and 2) point«>-potm networks, where pdn of nodes are connected to each other with 


tnnsmissian medium. The tenn "node" relates to any device that shares frames of data with 


communication channels which are not connected to any other nodes on the network. Frames 


odiernodesinthenetwoilL Devices that may make op a node ore computers, printers, scanners. 


transmieted on one channel are not visible lo nodes on other channds tmless the frames are 


etc AiiodBiiii^Bliobeaidqihaae;ateleviiiaii,aset-t(q»baf]ifcirtelevisioiis,acaii^^ 


letransmitiBd onto the odier channeb by a iiode that is connected to nndtiple channels. Each 


ekctiomc sensing or conmnmicatian device. Any device that can send and/or receive frames 


channel inayase a separate segmented' the itetwcirkrnediuiri, or multipfeclumnelsniay share a 


of data wiA other devices via a oommuiiicatioii xoediam may be a node for puposes of the 
present invention. 


auq^e »*pnmi mJng t.g^ fttqatsey Diviaion Multipteaii^ or Time Diviaian Midttplexiitg 
tedmiqoes. One common example oi sneh a pcrint^o-poim netwcxfc topdkigy is that used for 


The tnmsmission medium that links eadi node in a networic is equaUyoneof adivene 


IQBaseT 8023 netwoiks. with network nodes connected via paint4o-pcnit Categoiy 5 


family of media. Common media used include unshielded twisted pair (e.g. phone wire. CAT-5 


unshielded twisted pair c^le, using rrmlti-port devices called hubs to reuanamft frarnes received 


cahlittg), power lines, optical fiba, coaxial cable and wireless transmissioD media. The 


from one network segment to all odter segments. 


operations that each individual node performs in order to access data from, and tnmsmit data to, 


Hgs. 3a and 3b show a broadcast/multipoint network and a point-to-poiiii network. 


the rest of the netwoik may be logically broken down into seven layers aocording to the ISO 


respectively, for use with the present invention. In Rg. 3a. representative nodes 140a, 14(H), 


Open Systems Interconnection (OSI) seven-layer netwc^k model, which is also refened to as the 




"network stack". Tbe seven layers, from the bottom to the top are: 1) the PHYSICAL layer, 2) 


segmentf 240a, 240b, 240c leqiectivdy. Hois, a message contaiong a iMoadcastdestinfliian 


the DATA LINK layer. 3) the NETWORK layer, 4) the TRANSPORT layer, 5) the SESSION 


address sent from one node is sent to all other nodes cooided with traasmissini medium 250. 


layer.QtheFRESEOTATIONlayer. axidT) the AFFUCAHON layer. Hg. 2ilhiitrates.theIS0 


InHg. 3b, nodes 140d. 140e, 140f are comraimicaiively coiq>led to each other by individBal 


seven-layer refeience model. 


segments 260d, 260e. 260f respectively of transmission media and hob 255. Messages sent from 


The PHYSICAL layer, or physical link layer, or PHY, is concerned with tnuumtssion 


one node to another node on one segment are not visible to nodes on other segments unless they 


of unstructured bit stream traffic over [riiysical media, and relates to the mechanical, electrical, 


are retransmitted by a node dwt is connectBd to multiple segments, such as hub 255 in a network. 


fiinctional, and pnxsedural characteristics to access arid receive data from Che physical medium 


Segmenu 240a, 240b. 240c and common transmission medium 250 may be (bm ore not 


The DATA layer, sometiroes referred to as the dam link layci. provides for the reliable transfer 


restticted to) a phone line, a power line, a wireless medium, coaxial cable, or a fiber optic 


irfrnfoniuttaDacrDu the physical link. lti8coaceniedwiihMadingftames.orbtockaofdaa, 


Rrfereace to Hgi. 3a and 3b ihoold be made with respect to ttw description of the 


wiA the neceasaiy iynchraoizatioo, error control, and flow control. The NETWORK layer 


embodiinenta of the tnvcatiao as aet fintb below. 




Each node in eidier type of netwoik has withut it a device that peimits the node to tend 






The TRANSPORT layer relates to reliability and transparency in data transfers between 


is conventionally a semicooductar device irrq>lementing the PHYSICAL layer of the netwoik 


nodes, and provides end-to-eod error recovery and flow control. The SESSION layer provides 


connectivity, and the medium access cantrol (MAQ partion of the DATA layer of network 


control to communications between applications, and establishes, tnanages. and tenninates 


connectivity. Returning to Hg. 2, there is shown a basic network Hhistrating a netwodc 


ccamections between cooperating plications. The PRESENTATION layer provides 


communicalion protocol between first node 102 chat runs an application (**APP X") and another 


independence to the application processes from difloettces in data syntax or protocols. Hnally, 


node 104 diat nms the same or different application ("APP Y"). Nodes 102 and 104 


ttie highest layer, the APPLICATION lq«r, provides access to the OSI enviitmment for users. 


conmiuiijcate nKssaga 108 via ttaiisiiiission inediiim 106. bi dieeMiiqde shcnra in Hg. 2. w 


Much mm has been written about the benefiti and distributed functionality of such an 
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node 102 has in™«"F 108 to aeod to node 104, it transfiera the message down thnra^ its 
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network stack on the left, from layer to layer. Application header (AH) 103 is appended to 


is depicted wherein, for example, a device such as computer 14 can be interconnected 


message 108 in the APPLICATION layer, to identify the iqiplicadon being executed by node 


therethough to premises UTP wiring as set forth in Hg.la, and through which Che protocol set 


102. Original message lOS, plus die q^Iication teada AH. is passed to the PRESENTATION 


fcndi in Hg.2 is processed. Hg. 4« shows in block diagram form the controller aspects of die 


layer, where it is again appended with a presentation layer header (PH) 105. Such process 


enibodiineat, «iiilel^ 4b show typical netwodc interface device (J4n>) anal^ 


oootinaes, accordingly adding session header (SH) 107. transport header (TH) 109 and netwcnk 


ofdwendndinienL 


header (NH) ill down to the DATA layer. vAere the messagB and qipended headers ta 


Refiemng to 4a, contraDer 300 isaitaDyintegnttedMAC/FHY device diet transmit 


fmmpimlmn^ with data 1^ header (DH) 112 and start frame (SOF) indicator 113. The 


and receives data (e.^, 10Mbps and d)Ove aa implemented by dw aforementiooed Broadcom 


DATA iayg also iiiay add data tiailer(DT^l 14 and end iif&aitie (goto iP'I'C*^ I^ata 


Cnpoiation Mode] BCM 4210, 4211, 4413 oontroUen). CoatroUer 300 hicludes bos inteifiBce 


l^er header 1 12 inay hidtKie a souice addicsa @ A) to ideatify node 102 aendiiig dc inessagB, 


3 10. such as aPa or NBI bus interfKe far communication in accordance with well-known PC 


and inay also iitdude a desiiiiation address CPA) to identify the intended recipient or gr 


-based and/or per^iheral^mtemet appliance architectures. Ccmtroller 300 also includes digital 


iecipient&. 


PHY 320 having a FDQAM / QAM transmitter and receiver interfadng with the analog front 


The message with qipended headers, trailers and indicat<KS is then passed to the 


end and MAC 330, coupling to bos interface 3 10 thrt>ugh tnnstrut CI^ FIFO 340 arid receive 


PHYSICAL Uycr where it is passed on to networic transmission medium 106. When received 


(RX) FIFO 350. Bus interface 310 also has the cqwbility of similariy communicating widt odier 


by node 104. the reverse process occurs in the netwodt stack of node 104. At each layer, the 


devices 360. such as a v.90 modem through v.90 mortran interface or a KVlOO Past Ethernet bus 


header and/or trailer infannation is stiipped off as iiiessage 108 ascends dw iKtwotk stack 


duough a 10/100 Fast Ethernet interface, and theb reqiective transmit CTX) FIFO 370 and 


The details of the network stack in Hg. 2 are provided for reference only, and the present 


receive (RX) FIFO 380. The openticos of sodi bos intetfaces and TX / RX FIFOs are well 




fawwn in the art and are not described in more (letail. The operation of die MAC / PHY aspects 


Fig. 2. 


of the embodiment are described in more detail herein below. 


Refaiing still m Fig. 2, the lower two layers are described m further detail. Itthouldbe 


Refening to Fig. 4b, NID analog front end 400 connects controller 300 dqrictod in Hg. 


understood that these laym are typically implemented as a oombinatioD of logic and memory 


4a to a transmission medium 106 such as a premises UTP wiling as depicted in Ftgs. 1 a, lb and 


storage that is configured Co carry out the task of the l^fer. The lo^c con be in the forni of 


1 c. Analog fiont end 400 includes digital input/output (I/O) circuit 4 1 0 for transferring samples 


hardware, sdtware, firmware, or a combinstion of those. Eadi layer may also be implemented 


and is coupled to a transmit padi and a receive path. Digital I/O 410 includes clock 412 fin 


using programmable gate atray CPQA) tochnology, such as system programmabte gate arrays 


drivingoootndler300widia6flbf&-t/- lOOppm clock generated by 64Mhzaystal 414. Hie 


(SFGA) and field pTQgnmmable gate amysCFPQA). Also,eachlayBr,oracombiiiaiioiiofdie 


transmit padiiaclode9digitBl-t04aialog convener 420 for conveiting lObitsanqdedatatoan 




analog signid, automatic gain contndler 425 for setting gains based upon input received by 


be apparent to those ikUled in the ait, that dwn an many ways in wfaidi to impIemBm the 


digital I/O 410. filter 430. transmit-off switch 435. and is coupled to pboneline connector 450, 
sudi as a UTP wiring RJl 1 connector, throu^ electronic hybrid 440 for buffering signals and 


Hg. 2 shows DATA hiyen 120a. I20b and PHYSICAL layers 220a, 220b for a 


filter /transformer/ electronic protection circuit 445. The receive path includes analog-tCMligital 


representative pair of nodes 140a. 140b according to the invention. Each node has within it 


converter 460 for sending valid sample data, variable gain amplifier (VGA) 470, filter 480 for 


semiconductttr device(8) that implement the PHYSICAL layer as well as die medium access 


low-pass anti-aliasing. VGA 490. and is similariy coupled to fdioneline c<mnector 450 through 


control (MAC) and Link Layer portions of the DATA layer, such as that implemented by Che 


electronic h^nd440 and filter/tiansfaimcr/elecliDnic protection cireuit445.E]ectronichybiid 


BfoadcomCorponitioo Model BCM 4210 Controller. As discussed above, the PHYSICALlayer 


440 and filler/ uansfrmner / electronic protection circuit 445 are connectwl theielietween by a 


is canoemed with naivBnissioD and reception of bit stream traffic to and from the mnumtssian 


plurality of innsmit and receive linea (e.g..TX. RXl, RX2) 495. The opentions itf die anakg 


medinm. Transmitten and leodven. desoibed in more detui below, fbim a transmisston 


from end are well known in the art 


medium intoface, and m^y be implrmratBd as a nngle device or icfmaie devices. 

Refening now to Hgs 4a and 4b, an embodiniem imptementiqg the inventive conoepts 


Homenetwaking PHY Lagier Overview 

In aoccndance widi a prefmed embodiment of dw {aesent invention PHY 320 uses 4 
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MBmid QAM inodiikdoD and 2 NIBxud BeqoeneyDivcmQAM01X2Al^ 

per-Baud constelhuion encoding, resulting in a FHY-layer pB^oad modolBtion laiB dmt langes 

Cpam4 Mh/s to 32Mb/s. Hie modnlatioa tedmiqUBS aiecet forth in U.S. Patent Applicadon No. 

09/169^52 emitled "IVequcncy Divene Single Canier Modiilatioa For Rt^wst Coinimmicalion 

OverI&-PltmisesWtiing'\wfaidtisiiicoipoiatedhaciabyref^^ Infonnation is transmitted 

an the tnnmnigaon medium / channel in boms. Each buret or physical layer frame consists of 

lOT-4a3ierpqtoad infimnanoaepcapsolaiBd wtfa preamble, beadef andpostamble. The 

PHY-layer paylotd in each physical &«me is that part of the Etheniet Link Ixvel bsme that 

follow the Etheitypefieklthn»^ the Fiarne Check Sequence (PCS), pins a 

field for the 4 Mbaud rate. Hereafta, "pi^aad" refers to the PHY Jayor payload unless 

otherwise spectiied. 

RefeningtoHg. S,atisnsmitter8^«ctafPHY320tS8howoinfunctiaaalblockdi«grain 
fiamLTnnsmitterSOO includes bameprocessorSlO, data 8cramblerS20, bit-to-symbol mq)per 
(constellation encoder) 530. and QAM /FDQAM nKxhilator 540. The frame fonnat transmit^ 
^trBnamitterSOOissbowDinFig.6. l^amefoimat 600 consists oflow-tate header section 610. 
a vBiiabte-nlepayload section 620, and a law-4ate trailer 630. Some parts of the &ame are not 
•cnmbled, as detcdbed below. Exoept when othenriae flated, aU fields are eaoodbd most 
Bgnificant octet fint. least Btgntficant tat fim within each oocL Bit namberO is the Isb within 
a field. Di^ams in the figiites henwitb diow MSB bits or octets to the left Header 610 
includes a pteamUe 91tEAMBI£64) 612 and is defined as a icpelition (tf four 16 ^nibo] 
■egueoces (TRN16) that lesutt &om encodmg 0xfc483084 in the order described above at 2 
MBaod , 2 bits-per-Baud, with the scrambler disabled. The TRN16 is a white, constant 
ampUtode QPSK sequence. The preamble facilitates power estimatioa and gain control, Baud 
I^ueDcyO&etEBtimatton,fiqua]izErTr8imng, Carrier Sense, and Collision Detection as is 
deaciibedininoredetaflbdow. Header610alsoinchidesfiame control field614.Fcameoc^ 
fidd614 is a 32-Ut fidd dbfined in the tdde set forth in Hg. 7. and wilh dKlKt-«idenng d^^ 
above, the frame control fields are transmitted in the order shown in Hg. 8. Franoe Type (FT) 
616 is an dght bit field diat is intended to provide flexibifity for defiaixig odn fiaiiK fbnnats 
in fnuie versions of the embodinient Pkesent devices transinit 0 in this field, and discaM ^ 
frames with FT other than zero. All other values are reserved. The field definitions in the 
present endxxiiinent are for FT=0. 

Hie FT field is intended to provide a mechanism for Forward Compatibility, allowing 
extensions to use frame formats differing from the present embodiment A next field is 
scnnUeriaitialization (SDfieid618. A4-bit field is setto the value used to initialize scrambler 
520, as deacribed below. A next field is the priori^ (PR!) field 620 wfaich lefeia to a media 
access priootymechamam as described below. The 3 Ut PHY priority vahMs(FIU}iefefs to the 
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Tcsnltrng 128-bit sequence, considned as the coefSdents of a polynomial of degree 127, when 
divided by G(x), will always produce a remainder equal to + x* + x + 1. The input hits arc 
tmscrambled. Becaoaeal] fields covered by the HCS are transmitted at 2 MBaud and 2 bits per 
Band, as described below, these fields dnold be received conectly in many cases where the 
payload is leodved in coor. The HCS may be used m cmgunctian wOi aolUdecirinn enor 
ataiiatics to detennine witti high probaUlify whether the header was leodved cQoec^. This 
knowledge may be uaefid for optimizing the performance of ARQ and/or mte negotiation 
algorithms described below. 

Retuming to Hg. 6, it can be seen diat the bit fields starting with the destination address 
(DA) field 628 and ending with the PCS field 630 are idaitical to the corresponding fields 
described in IEEE Std 802J as dqriclcd in Fig. 10 and ere referred to as Link-level Ethernet 
iTonc (paclKt) 632. Hie bits of aPHY-level Ethernet fiame have an Ethernet preamble 634 and 
8tart-f!tanicKU)initer(SFD) 636 bitspi^eadedtothelink-Ievd fiaroe. dtesebits are notpresent 
in the frames of the present embodimcnL It is intended that IEEE assigned Ethernet MAC 
addresses are used for Destination Address (DA) 628 and Source Address (SA) 638. The 
Ethonet fiame consists of an int^ manber of octets. BciDowiDg BAer^ype fidd 640 is 
Ediemet data field 642. PCS field 630 and cyclic redundancy check (CRC) field 644. CRC field 
644 is a 16-bit cyclic redundancy dwck computed as a firoction of the contents of the 
( mi scia m hled) Ediemet frame in transmission order, starting widi the first bit of the DA fieldand 
ending with the last bit of the rcs fieldL The encodbig is defined by the fbUowing gOK^^ 
polynomiaL 

Mathematically, die CRC value comqiaading to a given frame is defined 1^ tint fidloiwing 
procedures 

h) The first 16 bits of the fiame in transmission order are conqdemented. 

i) The n bits of tiie frame in transmission order are thea considered to be the 
ooeffiderits of a polynoriiial M(x) of degree ri-1 . (The first bit of the Destinatioo 
Address field corresponds to the x**"" tenn and the last bit of the PCS field 
oonesponds to the x° tenn.) 

j) M(x) is nmtttplied by x'* and divided by G(x).pioducing a remainder R(x) of 
degree <s; 15. 

k) HwcoeCBctents of R(x) are consideied to be a 16-bit sequence. 

1) The bit sequence is co mplement ed and the result is the CRC. 
The 16 bit! of die CRC arephioedin lheCRC-16 field so that x" is die least significant bit of 
the fiist odEt. and the X* tenn b the laast-dgnificant bit of the hM octet (Tbe bits of the CRC 
are thus tmnsnritred in the aider x", x**. - x\ x*.) 
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abnliitB priority that a given faame wiD be given when dctemiiititg media access^ 
vahie used in the MAC enAodimcat deacribed bdow. Priority 7 has preferential access over 
Priority 0. PRI field 620 is a field Gained in the PHY--le«d frame transmiasiao and is iniaided 
tofaidicate a S^jit PHY-level priority or claaa-of-aerrice huScatian to Ifae receiver link levd 
processOTfcff managing priority and class of aenrice of received frame. TlieFRIvahieisnot 
used by die receiver PHY pnxessor. For starioosdiat do not implement class-of-«ernce the PRI 
fieIduignorBdoareceive.BndistrBnsmitttdsettol. The next field 622 is reserved (RSVD)foT 
future nss and u ignored by the receiver. Adjacent to field 622 is pajload encoding (PE) fidd 
624 whidhdetennines the eoos t ellatioD encodii^g of the payload bats. Tbt PE values are defined 
as forth m Kg. 9. Certam FE vahies are resemd. Reaemd FE vduBS are intended to code for 
btgher Band rates and easier fiequeodes that wfll be inuodooed m later ventona of the 
embodiment, llw next fidd is a header check sequence (EKS) 626. IKS 626 is an 8^ cyclic 
redmidancy dieck (CKQ compoted as a function of 1284it sequence in tiananiissiQD order 
starting with the FT bits and autag widi the Etheniet somce address (SA) bits, with zoos 
substituted for die as-of-yett n tro mpw td HCS field The encodmg 
generating polynomial. 
O0i) = x»+x'+x»+x* + x' + l 

MathfrnaTically, die CRC value concsponding to a given frame is defined by the following 
prooedme; 

a) ThefiiatBhitsofrfaeiiipintihiMipifiws^iTifninfnritri iT n"''^ 

b) Tbel28bitsoftheseqQei)oeintransiiiiaaioninderarathBncoBaideredtDbedie 
coefficients of a polynomial M(x) <rf degree 127. ClhB first Ut of the FT field 
corresponds to die x"' term and die last bit oftheSA field co r reqionds to die X* 
term.) 

c) M(x) is moltiplied by x* and ifivided by G(x), producmg a remainder R(x) of 
degree <^ 7. 

d) R{x) is multipUed by H(x) to produce N(x). where H(x) is defined as H(x)=x^ + 
x*+x'+x*+x'+x + l 

e) N(x) is divided by G(x). producing a ieniauiderR*(x)afdegree<= 7. 

f) The ooefficimtsofR'Cx) are considered to be en 8-bit sequence. 

g) The bit seqixnce is complemented and the result is die CRC 

The 8 bits of d» CRC are placed m the HCS field so that xMs the least-significant bit 
of the octet and x" term is the most-significant bit of the octet. (The bits of the CRC are thus 
transmitted m the order x', x«, . . . x', x* ) Although HCS 626 is embedded within the protected 
bit'Stream, it is calcolated in such a way that the resulting 128-bit stream provides error- 
detectiaa capabilities identical to thoae of a 120-bit stream with an 8-fait CRC appended. Hie 
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The CRC-16, in conjunction with Ethernet's PCS, provides for more protection bom undetected 
etrars than &e PCS alone. Hiis is motivated by enviranmeatal factors thai will often result in 
a frame error rale (PER) several orders of magnitude hi^wr than that of Ethernet, making the 
FCSinsaEBdentbyilself. For4MBaudpayload8. a variable-length PAD field 646 follows CRC 
field 644 and consiats of an integer number of octets. The last octet of die pad field 
(PADJ-ENdTH) qiedfies the number of zero octets (0x00) preceding PAD_LENOTH. The 
value of PAD JLENGTH imist equal or exceed the innnlxr of zero octets required to ensure that 
the minimam length of the trmwrnisiiinn, from die fim symbol (rfthe PREAMBLE64 dirough 
the last symbol of die end of frame ddinnler. is 92.Snncroseconds. For 2 MBaud pajdoads, 
there is no PAD field. The PAD field is not present tn a Conqiatibility Mode Ftanie, as 
described below. An example of a con^liant formula for generating PAD_LENGTH is max 
(102-N,0), where N is the number of octets from DA to PCS, inclusive. This ensures that a 
colHaion fragment can be disciiniiiiatedfian a valid frame by the transmissitm length cktectcd 
by die cairier seast fmctkiD, as described below. Tlie next field is End of Frame mSF) 
DeUndter field 648. The Eod-of-Fianie aeqnenoe oonsistB of die fictt4 ^mbolsof die TRN 
sequeaoe, orOxfc encoded as 2 bits-per-Baud at 2 Mband. This fieU is provided to ftdlitate 
accurate end-of-carrier-sensing in low-SNR conditions. A station dcmodidatnig a fran^can use 
this field to detennine exactly where die last payload symbol occurred. 

Turning now back to Fig. 5 and to Fig. 11. scrambler 520 is described in more detml. 
Two difGcolt problems m CSMA/CD networks that use uncontrolled wiring (e.g. phonelioe or 
poweriine networks) are addressed. The first problem is premature end-of-carrier detection and 
theieoondproblemiaindk>-6equeacyegiBBwWiaiiq|gdtoprein aU ireeudFof<^ 
in poweriine aiidphotrJhiB CSMA/CD neftiwik&, there is a iieed to «BaMy detect die ciri 
frame in die jHsaenoe of severe channel distortion. There also is a traded between die niean 
time leqaited to detect the end of frame (from the actual end of fian») and die relidnlity of 
detection (probability of false alarm and probability of missed detection). Two effiects make end- 
of-framc detection diffictdt, particulariy when the frame boundary detector is decoupled horn 
the demodn]ator(l) thepossibilityof a long run of innermost constellation points, paiticolariy 
for large constelladons(e.g. high-Older QAM or PAM); and (2) thepossibiHtyofaloqgnmof 
constant or near-oonstant (nearest neighbofs in a laigp coDstellatiai) symbols. 
A loqg nm of iiineDiioit poims can cJeaily be a priiblcm if an energy or inatcfaed filter detector 
is used todenctfimne boundaries, andconatantAiear-canstant symbol seqnences(whicbpit>duce 
tonal transmitted se q u ence s ) are proUematic becaun they may be hig^y «!«niiiated tvy die 
channel over which dieytnvd. Large constellations are nssd in die ayttem to KMeve high 
ipectnl efBciency. and. hence, Ugh data rates. SaamUing genendly is an efiictive tool m 
coiidiatirtg diese pioltans. However. dicK b still a non-zero probability of etdw 
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long lUD of innennost points or a suEBciently long nm constantAiear-coiistant symbols to 
cause frame kus. Oidinarity. one would not be conoemed about these low-probabtlity events. 
However, fnma loss due to end-of-fiame detection failme is deterministic: provided that die 
chfflmel does not change between transmissions and the SNR is hi^, eveiy transmission will 
fall victim to the same premature eadof-cairier detection problem. With regard to radio 
frequency (RF) egress, in wind netwoiks, there is always energy radiated ftom the wires that 
convey infoamatioin. This egress can interfere with odier services, some (e.g. amateur isdio) 
vAadbi are spedficaUy pcntected by gOMsnmeat agencies. In the "high-frequency" laage. 
jjiterf neace into amateur wdtorecdvent is a par^^ 
a channd bandwidth of less than sab. White scpgnbfaqti^ 

packet energy overa wide band, thereby reducdng the probability of harmful in t erfe re n ce, many 
network packets (e.g. TCP acknowledgments) contain identical or neady>identical data. Also, 
collisions between different stations' transmissions on the wire may result in the transmissioD 
of exactly the same data many times within a short time window. Using die same scnndiler seed 
(delay line initializatioa) for evay transmitted frame may result in bursts of narrowband energy 
that are more likely to interfere with services such as amateur radio. Th e re f ore, in accordance 
wiA the preaem hivention a comncn aoluiion to bodi pnibleiw is provided by 
dnxnts Ibr niitigiling this proUeoi, one at dK tnnstnittBr and another at the leceiVBr. Bflw sn 

WJiitm«mtwi«impUinwiitHH atthftlmiiMiiiltBrfiwgWHiyfttivftpiith («WMne»*riMrtnalinnMiiliaM 

COTibniatian) over wfaMi a frxtne may be Knt on the network, or an N-fait pseudo-iandom . 
nmnber generator is implemented. A sinqile linear-feedback shift register may be used to 
generate the pseudo-iandom number, if that approach is cbosoL On every transmitted frame, the 
scrambler initialization circuit dther generates a pseudo-nmdom N-bit number, or it increments 
the comiter for the path over which the frame will travel, modulo-2'*. Either technique is 
sufficient Hie scrambler initialization dicuit inserts die Kbits into any of the M (>= N) bits of 
a soanilte dday ttne. Note that the N bits need not be ooittiguoas in die M-Ut de^ 
a«nfEteiatthnplmi«sntation,N>e2.Tlieacranibterinitlalizationdrniit 
imo an unscrainUc part oftbe header oftbe transmitted frume, so that the receiver may correctly 
recover the transQutted fait sequence by initiaBrinRdiedescrarofaler with the chosen value. In one 
emlKidimeot,tt»scrainbleristhe6arii»4yncfannized8crBnibler8howninHg. 11. w^iich uses 
tiie following generating polynamialzOCx) a x^+x^-fl. Bits IS through 18 of a shift register 
are initialized with a ^-bit pseudo-random number (or per-path coonier vahie). AU other values 
are initialized to i . The same value is pieced in die unscrambled "Sr field of the I¥ame Control 
pert of the header so that die receiver may recover the chosen iciambler initialization. Hg. 6 
described above shows an example frame format which may convey the "ST (scrambler 
initialization) tets to die recedver. Rg. 8 described above shows the conqxinents of the "ftame 
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Oontrol" field of die prrvious diagrani in tfds exanqde. AU bitsiq>to andindnding "ST infte 
are oiiscrainbled in accoidance with the poesem invention. Any bits fUlcwiitg the S 
scrambled using this technique. 

Now to further describe the scnmbler initialization aspects shown in Rg. II, scrambler 
220 is a framfr-synchranized scrambler which uses the generating polynomial G<x) = + x'* 
■•■ 1. Bits 15 through 18 of shift register fiSO are initialized with a 4-bit pseudo-random number. 
lUs value is placed in SI fidd 618 defined above in the order sudi that r^i^podtion IS is 
die KfSB (l»t 19 of frame control) and bat 18 is the USB (bit 16 trffianu conb^ 
is bypassed during the preamble bit fidd and die iiist 16 bits oTFnune Oont^ 
ia iiutidized and enabled starting with dw 17* bit of Rame Conbol 

byinssed after the last bit of die CRC-16 644, « die last bit of die PAD field 646, if present The 
EOF sequence is not scnmAled. The use of a pseudo-random tititial scrambler state results in 
a more umfonn power-specbal density (PSD) measured over multiple similar frames. This 
eliminates the problem of tones in the PSD from hi^y correlated successive packets. 

As can be seen in Fig, 11. input fnme SOlO is the output of framing 510 as seen in Rg. 
5 which also generates SI value 618 as seen in Rg. 8. Bit values of 1 5002 are inserted into 
register bit locations 1 • 14 5004. FkMher bit valoes of 1 5006 are inserted into register bit 
locations 19 - 23 5008. SI value 618 is insetted into bit locations 15. 16, 17. 18 5009 of register 
650. Each of dw additions ore modulo 2, i«L, abit, catchiaiva or. anodier Ut, andsoon. bqmt Uta 
5010 are exdosive or'd widi the output bits ofn^iiiBr 650. On^wtt Uts 5012 arepfmdded to 
consteUatiott encoder 530 as seen in Rg. 5.. bit 1 bdng die most recent bit 

As to the descrambler initializatjon ciicuit, at the receiver, the descrambler hutializalion 
circuit extracts the N bits of die "ST fidd from the lecd ved frame. It thai inserts die N bits into 
the same positions of the descrambler deli^ line that were initialized in the soambler. in the 
same order. (Note that the descrambler and scrambler delay lines have exactly the same lengdi. 
in bita.) In dw example eoibodiineat. eU odier bits in die descnanbkr detey line m 
The first bit macrted into die descramMeris exactly tiie first bit inserted into die scraiid^ 



Turning again to Rg. 5. fbQowing scramber 520 is constdlation encoder 530. All bits 
1^ to and including die Edieitype fidd ere encoded at 2 MBaud, 2 bits per Baud. 
Starting widi the 1* bit following the EUicrtype field, die bits arc encoded according to the PE 
fidd 624, up to die last bit of die CRC-16 644, or die last bit of PAD 646 if it is present 
The EOF sequence 648 is encoded at 2 MBaud, 2 bits pa- Baud. 

Constellation encoder 530 performs bit to symbol mapping. The incoming bits are grouped into 
N-Ut syndwls. where N is dw number of Uts per band qwdfied in FE fidd 624. The bit to 
syndxd m^hg is shown in Rgs. 12a duoos^ 12g. The syndnl values are shown with bits 



ordered such that the right-most bit is the first Int reodved from scrambler 520 and the left-most 
bit is the last bit reed ved from scrambler S20. All constellatioins except for 3 bits-per-Baud lie 
on a tmiform square grid, and aU constellations are syinmetric about the real and iiiiaginaiy axes. 
The rdadve scaling of different constellations at a single baud rate is shown in Rg. 13. The 
constellation points are scaled such that the refer e nc e points have die values shown, with a 

nriTPrnnn- ^*'*"^ tn1««Mii« of plm rr iniiiiM A9,. The iMiMlrilatiiin pninte MB mind sndl that 

tfwooiennost pointa have qproximatelyeqnd fnagnitnde. Symbols at 4 MBand are transmitt^ 
at0.7G7dwam|ditudecrfiynd)olBat2MBaiid. OnatraDBUion&Dm2MBaadto4MBaud,d)e 
first 4 MBaud tyiDbol occur 0.5 rmoDseoonds after the last 2 MBaud symbol. On a transition 
from4 MBaud to 2 MBaud, the first 2 MBaud symbol occur 0.5 miaoseconds after the last 4 
MBaud symbol. This is iUustraled in Rg. 14. If die number of bits in a sequence at a given 
encoding rate (ix. Baud rate and bits per Baud) is not an mteger multiple of the number of bits 
per Baud, then enous^ zero bits are inserted at die end of the bit-stream to con^ilete the last 
symbol. Hie number of zero bits inscsled is the nwrommn number sudi that die lengdi of the 
appciided Mtattcnin Is an integw multiple <rf the nundicr of bits per Band. The nuridwf of octets 

in fig^wal iitpift li«t aliwm rrnn hn fWHrmmarf miiimh tjnniMly f, J^ik ^ the niimher nf «yiiihnlK 

tranmittBd. TUa ia true beeanse dw inaximnm encodmg size is 8 bits per baud, «4)idi m^lies 
Oat dw number (tfzerD-bitB anxnded nnist always be less dian dgbt 

Referring again back to Fig. 5, complex symbols from constellation encoder 540 are 
input to QAM/FDQAM Modulator 540. QAM/FDQAM modulator implements (Quadrature 
Amplimde Modulation (QAM). Rg. 15 shows an exan^ie QAM in^^lementation. The carrier 
frequency and transmit fUters are the same for Baud rates of 2 MHz and 4 MHz. Thus, a 2 
MBaud signal is equivalent to an appro[niately scaled 4 MBaud signal in which every other 
ayndiol is zeraTbeQAMfllXjAMMndulalmr used fat coijaoction widi the present inventi^ 
is described in mote detail in the pendii^ qipHcabon refioenoed above. 

in additian to dw fnane fomutting described above, tlw pnaent invention provides for 
a CompadbiH^ FFsme ftsmat wUdi is defined for use by HPNA V2 nodei when they are 
sharing die phoneline with HPNA VI nodes. In this case, it is important that the 'V2 
traiisiiusrions can niasquerade as vdid VI fraines for correct caniersetise arid collision detection 
behavior, even thoi^ die V 1 nodes will not be dile to recover the data fixnn die frame. In this 
format referring to Rg. 16, frame 700 starts widi a modified VI AID fidd 710, followed by a 
V2 symbol sequence modified to have periodic gaps 7^ so dutt a VI ceodver will detect diis 
dgnalasasaiesafpolaes. 11wframeeodswidittaiIer730diatindudes4-BynibolV2EOF740 
and a sing^ putee, EOF 750^ genenoed passmg a QI^K symbol through the transmit padt 

Refeningto Fig. 17, transmitter aspect of PHY 320 operating in CompatilrifiQf mode is 
shown in fiuctimial Uock diagrsm fbrin. TraaiamiiiR- 800 irichides frariiiiig 810 iriqdeii 
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the compatibility mode framing described above. Scrambler 820 is reqnnsive to framing 810 
and is identical to scrainbler 520 described above in conjunction Rg. 5. Scrambter 820 is 

Coupled to scrambler 820 is C^mstdlalionBnooder 830 CmiatelUrion encoder 830 is identical 
to dw constdlalian encoder 530 described sbovB in oonjnncdan widi Rg. 5. 

RefeningbacktoFig. 16, IteaoiUfi48 760 ia defined as'a repetition <rfdizeecaniigoou8 
16 synibol sequences (tRNie) that result fiom encoding 0xfic483O84 at 2 MBand, 2 bits^- 
band. with scrambler 820 <fT F«MfH "nie 72-syiidx)l header, indnding frame control field (as 
defined hi Hg. 7) and Ediernet DA, SA, and Edieitype fidda, is contained within four 
contiguous subfiames. ft is scrambled and mapped to constelii^on points, prior to gapping, as 
previously (kscribcd above, bi the heaiter, a subframe consists of: one non-information-bearing 
symbol (die lead symbol), produced by Gap Inseititm block 840, and 1 8 data symbols Oieader). 
A gap (tf 6 ZJkibaiid zero symbols (silence) fidlowa eadi subframe of 19 non-zero ^mbids. ^ 
iopnat of eadiiabfraaw and gap for tfw24><baud header is depicted in Rg. 18. On aubfran» 
0 and 2 of die header, die lead aymbol is defined as dw fiiat symbol of PREAMBLE48 (bit 
sequence 00. encoded as QPSK). On subframes 1 and 3 of dw header, dw lead ^nnbol is 
defined as die negation of the first symbol of PREAMBLE48 (bit sequence II, encoded as 
QPSK). The peak symbol anqilimde sbovm in Hg. 18 is defii»d bereh^ore in conjunction 
with constellation scaling. The sign of die lead symbol alternates such that dw output of the 
QAM/FDQAM modulator is the same at the b^imii^ of every subframe. Negating the lead 
symbol of every oUwr subframe aisounts for die ISOdegiee rotation introduced by die (7-MHz 
carrier frequency) nwdulator and the odd number (tf symbols between die first symbols of two 
«Saixm aidiframes. Tlw spedal reladfmsfaip between dw cariierphaae of the first sy^ 
ptBambteandofeverylead8ymbolisspedficiotheV2comiwdbilityinode. Thenannosnch 
requirements in the V2 native mode. 

Now turning to die 2-Mbaud and 4-Mbaod payloads in conjunction with compatibility 
mode, the 2'Mbaud payload is enc^sulated in subfiunes, consisting of: one non-information- 
bearing symbol (die lead symbol), produced by Osp Insertion block 840, between 1 and 18 data 
symbols (payload). A gj^ of 6 2-Mbaud zero symbols (silence) follows each subframe. On 
subframes 2*k, k > 1, the lead symbol is defined as die first symbol of FSEAMBLE48. On 
siibframea 2*k+l, lc> I, die lead symbol is defined as dw negation of dw first syndicd of 
PREAMBLB48. The first floor [N*8/(r*18)] subframes of dw payload, when Nbdw number 
of p^oad bytes andr is dw number of bits per baud, contain cxacdy 18 infomatioa-beiBring 
symbols. The last subfranw of die paykiad contains dwgcmmningpq^oidqrndMls. between 
- 1 and 18. Ilw last subframe is also followed by a gqxrf 6 zero symbols. The format for all but 
dw last of dw 2-Mbaud payload subframes and gqs is tdentical 10 dw iwadersubfranw and g9p 
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dqncted in Hg. 18. For 3, 5, and 7 bits per band, dte lead symbol is not a valid ptint in die 
oolistellation encoder. Ihe 4-Mbaod p^oad is encapsulated in sub&ames, consisttng of: one 
Don-infonnation-bcanng symbol (the lead syndwl), fnodisxd by Gap Insertion block 840, one 
sero symbol, and between land 35 data symbols O«yload). A gap of 13 4-Mbaud zero symbols 
(silence) follows each sub&ame. On subbames 2*k. k > 1 , the lead symbol is deRned as the fint 
symbol of PREAMBLE48. On subframes 2*k-f 1. ]c> 1. the lead symbol is defined as the 
aegadon of the fint symbol of PREAMBI£48. Hie fint fIoor{N*8/(i«3S)} subframes of tlK 
poylottl, where N is te oiimber of pagdoad bytes and r is die iiiimb^ 
cauctly 35 infomatian-bBsaQg symbols. The last sub&mne of die pa^oad caotsins die 
remaining pai^oadsyiidMls, between land 35. TbelastsnbfianieisalaofiillawedbyagiqKrf 
134'Mbaiid zero symbols. The fonnat for all but the last of die 4-Mbaud paykMdsubf^^ 
gaps is depicted in Fig. 19. Tfae peak symbol ampUtnde and the amphtode of the other symbols 
shown in the figure aie defined above in conjunction with 4-Mbaud constellation scaling. For 
3, 5, and 7 bits per baud, the lead symbol is not a valid point in the constellation encoder. 

There aie also two possible EOF/EOP sequences following a 2-Mbaud psyload and four 
possible EOP/EOP seqoences following a 4-Mbaiid payload. The EOIVEOP symbol snrifflwr 
for the 24ribaud|iaylo8d case is defined in die table set fixdi in Hg. 20. Pisdienondierof 
infonaatiOD-beanng symbob in the last pagAoed subfiRBM 

subfiamea in the frame. Tbe entire ECXVEC^sequenoe is encoded as QPSK it 2 Mbandwitfi 
the sciunbler bypassed. The last symbfd (dndlar to an VI BOP) is used for accniate eod-of- 

carrier timing ia all V 1 rocd ven. Hie EOF/EOP symbol sequence for die 4-Mbaud pi^load case 
is defined in the table set forth in Rg. 21. P is the number of infonnation-beahng symbols in 
the last payload subframe and Mis the number of payload sub&ames in die fiame. Thecntire 
EOF/BOP sequence is encoded as QPSK at 2 M-band with die scrambler bypassed. The last 
symbol (similar to an Vi EOF) is used for aocunleend^ocamer timing in all VI receiven. 

Refiaringback tti Fig. 17. MocSfied AD) Qeneniiar 850 isptovided. Aondifie^ 
iapfi^Mided to every frame. Hie modified AID is defined as a VI AID in which each pube in 
die Am is replaced by' a poise defined bdow. The AID oomber is one cbosen by dw sendhig 
station and conflicts are resolved by selecting a new A3D mimbcr. The control word always 
indicates Ugh-^eed and low-power transmission. Hie use of die AID mechanism for collision 
detBCticnill^liestfaatV2hasthesameliniitaiiononthemaximiimnimiberofnodeaasVl when 
in eompadUility mode. Fig. 22 shows the first part of a compatitrility mode frame. The modified 
AID poise is geneiated by passing the first symbol of the PREAMBUB48 throu^ Uw 
QAM/FDQAM modulator with the same initial modulator phase as the first symbol of the 
PREAMBLE48. The motSfied AID poise ia also used for die JAM seqaence. 

RefeningbackloHg. 17 QAM/FDQAM Modulator operates ctmtimiouslyftoni die first 



aynibol of PREAMB1B4S. as descnbed for QAMff>!DQAM Modulator 540 of 

of transmitting and receiving 2 MBaud modulated fiames in native V2 fiame fomuo. In a 
prefeiTed embodiment statioiuaiccqiidrie of tiansimtting and reed ving 2MbaudConqatil^ 
V2 fiame fonaasL Stations si a nmrimum are oqsUe of transmitting all cmstellations from 2 
bits-per-Baud to 8 bits-^ier Baud (PE values 1-7) and receiving all constellations fiom 2 bits per 
Band to 6 bits per Band (PE vabes 1-5). The R.M.S. differential transmit vohags does not 
exoeed-lSdBVims in any 2-msec window bctweeoOand 30 MHz, measured aoDssalSS-Ohm 
load bet w een tip and ling for any payload encoding. The peak difiienntial transmit vcdi^ does 
iwt exceed 580 mVpeak for any payload OKoding at either 2 Mbaiid cr 4 M baud Ststio^ 
are not tnnsmitting emit less dum -65 dBVnns ineasured across a lOOOhm toad between tip 
and liiig. The electiical characteiistics descnbed bdow as to specoa] inask apply 10 both the V^ 
native mode and the V2 compatibility mode. Hie V2 metallic power spectral density (PSD) is 
constrained by the ui^kt bound dqncted in the Figs. 23a and 23b with the measmcmait ma^f. 
across a lOCK^hm load acn»s tip and ling at the transmitter wire interface. Themask^lies 
to all pa^oad caicodingfi at bodi 2 and 4 Mbaud. The resolution bandwidth used to make this 
fnrawiTWTil is 10 klfa for fieqocodes between 2.0 and 30.0 MHz and 3 kHz for fieqpendea 
betweenOOlSandZOMI^ An averaging window of 213 seconds used, arellSOO-octetMTUs 
separated by an ira duralfOD of silence is ossmned. A total of SO kHz of possibly non- 
contiguoosbaiub may estceed dw limit Use under 2.0 with no Bub4»nd gteater dim 
dB above the limit line. A total of 100 kHz of possibly non-contiguous bands may exceed die 
limit line between 13.0 and 30.0 MHz, with no sub-band greater than 20 dB above the limit hne. 
The 10 dB notches at 4.0, 7.0 and 10.0 MHz are designed to reduce RH egress in the radio 
amateur bands. The mask is tested at PE values of 1 and 2 (2 and 3 bits/symbol), as these 
payload encodings result in the maximum transniitted power. Hie absohite power accuracy is 
4Q/.2i; dB Bdative tt>-7 dBin, int^poed fim 0 to 30 MHz. The pasdnnd hppte betwm 
and 6.2S MHz and between 8J) and 9.25 MHz is leas dian 2.0 dB. The magnituik of die V2 
trannnitierootpm is an«r-4ioimded by die temporal mask shown in Hg, 24 for a conqiatibility 
niodepidw (the symbol response of the 2.0 transmitier). The rcapooM is measured across a 
100-Obm kiad between tip and ring at the transmitter's WIRE interface. OttQmt before t = 0 and 
after t s 5.0 microseconds is<0.032%ofthe peak ampli tude. The first compadbility mode pulse 
in die modified AID is exacUy the transmitter symbol response. The ttansmitter C-wdghted 
output in the band extending fiom 200 Hz to 3000 Hz does not exceed 10 dBmC when 
teiminated with a 60(M)hm leaisiive load The transmitter emits no more dian -SS dBVrms 
across a 5(>4Nmi load between the center lap of a bahm with CMRR >ti0 dB and the tnmscciver 
gnand in die band extendmg fiom ai MHz to SO MHz. The transnntter clock fi 
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accurate to wiUiin 4/~100 ppm over all operadng temperatures for the device. The minimum 
operating tenqxaature range for this diaracteristic is 0 to 70 degrees C. In general, a W- SO ppm 
crystal meets diis characteristic. Hie RM^. jitter of the transmitter clock is less dian 70 paec. 
averaged over a sHdiag lOnntcioseooad window. The dificRndal noiao ODiput do« 
-65 dBVims across a lOMMun load, me asu red fhwn 4 to 10 MHz widi the ti 
Thero is no gain or phase imbalanoe in the nansmittEr, except widi respect to o 
scaling as described above. 

Now turning to a cosqiarable recdver's electrical characteristics, the recdver detects 
fiames with peak voltage 19 to -6 dBV across tip and ring at a fiame error rate of no greator than 
10^ with additive white Gaussian noise at aPSD of less than -140 dBm/Hz, measmed at the 
recdver. The recdver detects 1518-octctftamcs fiamcscncotkdas 2bita/symbol and 2 Mbaud 
with R.M.S. voltage as low as 2J mV at no greater than 10* fiame enor rate. The RMJS. 
voltage is computed only over time daring which the tranamittefia active. The recdver detects 
no nuredian 1 m 10^ ISlS^ictet. 2 bits/^mbol. 2 MsyndMltec fianes widi 
dian 1.0 mV. Both criteria assmne additive white Gaoasianndse at a PSD less dian -140 
dBm/Hz, tneasured at die leodver, and assume a flat channd. The recdver demodulates frames 
with payload encoded at 6 bits/symbol. 2 or 4 Mbaud (if implemented),and difierentia] ILM.S 
voltage as low as 20 mV (measured over the header) at a frame enor rate less than 10-4imder 
the following conditions: (1) White Gaussian ndse with PSD less than -130 dBm/Hz is adifed 
at the inceiver, and (2) A siixgle tone iiiterfder with any of the fiequency band aiid input voltage 
oombinations aetlbith in Hg. 25. The q>plied voltage is measured across tip and ring at die input 
to die transoeim. Hie recdver deniodnlatBs frames w9h pSQtoad encoded at 6 bits^ymbol. 2 
or 4 Mband ^iinplementedO, and difidcatial R.1^S v(Ai^ as low as 20 mV (measured over 
the header) at a fiame error rate less than IO.4 tinder die (bUowing rondirims' (1) While 
Gaussian noise widi PSD less than -130 dBn^% is added at tlwrecdvCT, difioeniial mode, an^ 
(2) A srn^fr4one interfdez, toeasored between the center tap of a test transfbaxMsr and ground 
at the input to the transcdver, widi any of dw following fiequency band and input voltage 
combinations sdfoidi in Rg. 26. The comnion mode rejection of die test tnnsfotii»ase^ 
insert die signal should exceed 60 dB to 100 MHz. 

The avenge letnm loss of die tnnsodver widi respect to a 100<Xmi restsdve load 
exceeds 12 dB between 4.75 and 9.25 MHz. Thia characteristic qiidies to die transcdver 
powered ot or in low-power mode (transmitter powered off). The average ntnm loss widi 
respect to a 100-Ohm resistive load exceeds 6 dB between 4.75 and 9.25 MHz with die 
transceiver removed fiom a source of power. The magnitnde of the input impedance is > 10 
Ohms fiom 0-30 MHz and conforms to the lower-bound mask ret foth in Rg. 27. This 
chaiactBristic ^lies to tlie transodvo' powered on, in low-^iowermodB (tn 
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8 shows an example of the input impedance of 



ofl), or removed fiom a sooroe of pov/a. Hg. 2 
a compliant device with a lower bound mask. 

Widi regard to die lecdveraspects in accordance widi die PHY layer protocol, reference 
hi made to Rg. 30, wherdn recdver fimctionaEty 900 is shown in block cUagram form. 
Recdver fimctionality 900 perfoma d» rBverse of diat described above for transmitter 500. 
nanidy,q>onrecdviijg a rignal from 2-4 wire hybrid and perfo rmin g fiosit end ptooessii(g as 
described hi conjuncdtm widi Hg. 4b. die firitowing oocma: QAM/FDQAM I^^ 
Removal, Consellatioo I>coding, De-scrarDhlii]g and De-firamng, as is weD-kn^ 
given die above-defined transmitter functionality. 
Homendworking MAC Layer Ovoview 

Now turning to Ihc MAC Layer, die station media access control (MAC) function, as 
bed in more detail. The HFNAV2 MAC is modeled after die 
s with collision detection (CSMA/CD) MAC function of Ethemet 
(IEEBStd802J, 1998 Edition), adapted to die V2 KCIf and enhanced widi qoality^if-service 
((2oS)fiBafnres. The MAC ftuctions described herehibelDW should not be confiised widi host 
inteiface and odwr layer foncdonstypicany implemented h) a chip". AlsodieMAC 
connol function should not be confiised widi IEEE 8023 Clause 31 MAC Control. 

Referring to Hg. 29, the MAC It^cal lajns and functions are depicted. Aldiough die 
MAC fimction is an essential part of the wire interface characteristics, tiie system partitioning 
of PHY and MAC functions is implementation dqiendent In particular, it is intmdrx) that the 
present embodiment can be implemented in an integrated PHY+MAC chip as well as a PHY- 
only dip diat can be m iei fa ced with a standard "MACchip' osmg die Media faidepeodent 
Ihteifeoe (MIQ described hi IEEE Std 8023-1998. cbane 22. 

When m Compatibility Mode V2 devices transmit ddier VI Format fiames or V2 
CompadbilttyFomialfianiBsdepeadnigoa die desthntion station type. HwMACopetatMmm 
dusmode is IEEE Std 8023-1998 CSMA/CD MAC wid) BEB collision resolution and no access 
priority. When in compatibility mode die MAC operation is as specified in IFFP Std, 8023- 
1998. clause 4, for a MAC sublayer operating in half duplex mode at speeds of 100 Mb/sand 
bdow. The timing parameters to be used in Compatibility Mode are in accordance widi the VI 
PHY Specification. Version 1.1. In compatibiUtymode the MAC times the inter-iiame gap fiom 
die du asaeid onof dKcanierseare signal, CAR_SENS. The timing of CAlLgENS relative lo 
dw wiremieifiKe adheres tDthedmnigspecifiedmHFNA VI FHYSpedficatiooiev Ll.daoie 
33. 

An im^ementatiaQ niay havediffacntindividnal CAR^SENS/MACdiningpatanietesa 
provided die overaU timmg at die whe huerfaoe ia die same as CAK^[ENS/MAC widi die 
p aram eie n specified Rndier. In eangatihility wty^ rtie Hpt^m nf collisions is as specified 
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in HPNA VI PHY Spedfication rev clause 2.53, with a JAM si{ 
in clause ZS.4. ACCESS ID values are nuintamed as specified in clause 2.5.3. 

Now tunmig to V2 Mode MAC Operation, each station on an V2netWQck segment, vriien 
not in Compatibility Nfode, executes die V2 MAC function to coordinate access to the shand 
media. Switching between Compatibility Mode and V2 native mode is described hereinbelow. 
The MAC timing paramctcis for V2 Mode are also defined below. 

Ilie CHirier Sense Multiple Aocess/Col]jsi(H)Detect(CSMA/CD)meditt access method 
is the means by wWch two ormom iMinm share a enrnmnm f wmiimj « g imi diwmgl To timiniit, 
a atatioD waits (defen) fora quiet period on the chmnd (dnt is, nootfier statkm is tmsndtting) 
imdth«>n Mwifai itiftiiitiMdedmeMay mndntatedM p^tfiePHVeh^wM-*^ 

atxlered by up to eight pii<nity levels, inqdemcnling .absolute priorily among stations 
g for access. If, after initiating a tiansmissicni, the message collides with that of 
another station, dien each transmitting station ceases transmission and resolves the ctdliaion by 
choosing a Backoff Level and defen to other stations tiiat have chosen a lower Backoff Level. 
The distributed algorithm for choosing BackoffLcvel gaarantees diat the ucess latency is ti^tly 
bounded. Each aspea of this access method process is set foith in detail beminbelow. 

Reftning again to Hg. 30, a Innscdver fimctiona] Mock diagram (rf an embodii^^ 
the pfesent iDventtcm is shonra wUcA iixAides traiisiii^ 

reodvo fimctianali^partiao 900. VI campatabOity mnsodt andtecdve ibnctionality portions 
910; m MAC fisKtionaliiy poitiaa 1000 fbr both VI awl V2 modes, a^ 

portion 930. Included in MAC 1000 is carrier sense functionality portion tlOO, oollisiQD 
detection functionality portion 1200, and CSMA/CD collision resolutionArx fr uma 
synchronizatjan functionality portion 1300. Carrier Sense 1 100 detects tlw starting and ending 
times of a valid fiaiiu transmission on die wire. This is used to determine when frames are 
present on the diannel/traasmission mcdiom, as well as being used to determine the presence 
of a Backoff Signal in a Signal Slot Ct^oaDetecticm 1200 detects die piesence of a valid 



tiUBcatedlqrBccillision. CoDisionRcsolndon 1300 tnqilements die distribtited algorithm that 
controls backoff. Aldiou^ the peffotmance of tbt blocks in die MAC function an 
impl ementa tion dependent, certain minimum perfocmanoe tequirements are needed to ensure 
interc^ienbility and compatible sharing of the channel and are now described in mote detail. 

Refening to Hg. 31 a frame tisnsmission that is valid with respect to the specified 
Carrier Sense (CS) function (Valid CS Hame) is shown. A transmitted Valid CS Rame will be 
affected 1^ various signal impaimwDts when seen by any lecd ver. A Valid CS ftame at die 
tnnsinitter wire interface Goosists of: (1) A sequence of symbols iriioae dmBdoa 
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syncfaronized stations f^rmrmmt^ any transmission no eaiiier than 0 and no later than 4 
rojcToseeonds (TX_ON) after a slot origin, measwed at die tiansmitter wire interface. Receiver 
Canier Sense function 1 100 as seen in Hg. 30 detects a maximum-amplitiide Valid CS PranK 
over a mge rfO to at least 38 dB (CS.RANGE) flat-cHamiel insertion loss and additive noise 
widi a flat PSD of-140 dBtnfftE at die leodvtT widi a missed ftaine rate of less dun icr* and 
apiC3nituicead-of-&anicdeclanaionniBlBSsdiAn 10^. With additive white Gaussian noise 
qpplied at tiw input widi a PSD of -110 dBm^ the Cdse canier deiecdoa fate is no gteater 
than 1 per second. When the MAC is unsynchraoised, the latest a station may ""■ mft lWH TT 
transmission after a possible Valid CS Rnme has sppe ai ed at die wire inteifiKe is 12 
micnneconds (CS JlliHiR) ftom the fint syndral of die FRBAMBLE64 of die detected finne, 
asmeasmedatdiestBtian'swiieinitrtee. CSJ3EFER is die inaxiionm allowed caiiieT sense 
delay. 

llie ^^ embofment can be used for carrying inedia sti«ams, such as video end audio 
(asdeaoOiedinmaiedanlbelow). To reduce the lateccy variation in diesectzeams, a pnorily 
mechanism is in^kmeoitBd to allow higher lq«n to label ootgoiiig fiames wjdi pdoii^, and 
guarsnteediatdiose frames will have prefbential access to die channel over lower ptiorily 
fiames. The access pnoiiqfnediod implemented is to ddaytiBDSioissiins to a slot 
minimum inter-ftame 9q^ based on die priority level of die fiame waiting to be txansmxtted. 
Refiening back to HgJ2, slots are numbered in deaeaaing priority, starting at |»iority 7. Hi^er 
priority txansmissions commence transmission in earlier slots and acquire the channel withcHlt 
contending widi the lower priority traffic. A station's Priority Slot is baaed on the PHY priority 
nuniber associated widi the frame leady fat transmission (TXJPRI), as rfftTminH by die 
netwaricstadcandcanmunicaiedlDdiBMAC. The station uses any slot widi a nomberlesadian 
equal to T3LPRl>iianiidly die slot numbeted exactly TSLPRLHg. 32 draws die relative 
timing of priority slots. Afterisioiity slotO Ifaeie are no more priorily slots, and any station with 
traffic at any priority level can contend on a fizst-con».fint-8erved basis. AH collisions after 
priority slot 0 are considered to hqipen at nUaO.) the Priority Slot widdi is 21.^miicn>aeoonds 
(PRI_SLOT). No station transmits in apriority Slot numbered bi^ier dun die TXLPRI assigned 
to the frame being transmitted Stations not inq>lementing priority default TXJRl to a value of 
1 when tiaiisinitting. Stations waiting for transmission zDOtiitar Carrier Sense, aiid defer if CS 
was tnic prior to die atiut of the station's Priority Slot, or if beyond Priority Slot 0 die station 
defen ifCS was true prior to die start of transmisston. Any station ready cotinnsmit at die start 
of its Priori^ Slot tnmsimts if CS was fsbe prior to tie stait of it's Priority Slot, widiont 
defbiii^ if was asserted prior to die start of bansnuBsiaiL See Hp. 3te and 34b, de]B^^ 
taansmission eqwcta, widiou aiul widi priority access, veqiectivdy. Wid) priorily acceu 
tiiaflie at priority levd 7 gains access ahead irf best effort tii^c scheAdfid at levd 1. "nie 
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gieaterdian 92J micnaeconds <TXJ%AMB tniniiniim) duntioo, imt to 
described below; (2) die fhst (644-1 6f 24+24+8) symbols of which modulated at die Base Rate 
(2 MBaud QPSK, 2 bits per symbol), where die initial 64 syn^ls consist of dw pteamble 
sequence 1 1 10. where the next 64 syn^l sequence (otho-) 1120 is unique to the transmitting 
station, and where tl« next 8 symbols are the (likely non-unique) bits of the Ediertype field; (3) 
an atbittaiy Minimum Signal 1 140, de&Kd as a sequence of symbols whose R.M.S. value over 
any 8-micnMecond window shall never be more tiian 9 dB less dian 100 mVrms across 100 
Ohms (NOMINAI^RMS.VOLTAGE); (4)4 symbols of the EOF sequence 1 150; (5) a trailing 
U whose peak voltage does not exceed 0.1% of die absolute peak transmitted voltage 
s a lOOOhm load at the WIRE interface at at^ point > S fmcmsecands after die last 
d symbol of the EOF; and (6)a gap before die next ttansmisaion of dds station of 
CS jro nucroseconds from die last synibol of die ECXP to die fint syiiibcd of FR^^ 
die next transmission, measured at the transmitter's wire inteifaee. When a station deterts what 
may be a collision it terminates transmission eariy, as described below. 

A Valid Collision Iragment at tbe transmitter wire interface consists of: (1 )a sequence 
of symbols of 70.0 microseconds (CD_FRAG) duration; (2) consisting of (64+16+24+24+8) 
symbols modulated at die Base Rate (2 MBaud QPSK, 2 bits per symbol), where die mitial 64 
symbols OGBsist of die preamble sequence, and where die next 64 symbol sequence is unique to 
dwtnnamiaing station, foUowed by 8 moce symbols; (3)4 symbols of die EOF sequence; (4) a 
irmling transient, whose peak voItagB does not exceed 0.1% of die absohiiB peak tcansn^ 
voltage across a 100-Ohm load at the WIRE inlcrfBce at any point > S micRuaconds after die 
last tnmsmittBd symbol of die EOF; and (5) a gap of at least CS jra + CD J>RAO micfoseconds 
from die iirst symbol of die PREAMBLE64 of die Valid Collision Fragment to die fim symbol 
of die BACKOFP20 signal in die first Backoff Signal Slot (if laesentX measured at die 
transmitter's wire interface. Receiverg are only requited to correctly detect Valid CS frames,' 
Valid QdUsion Ficagments, and die Backoff Signal described below. The Inter-ftamc Gq> is 29.0 
ndoosBcaods (CS JPG), where die gap is defined at die points at which die previous fiame 
dzDps below S0% ci its peak and die anient firame rises aibove 50% of its peak. Tinung of 
s n bse qu ent tianamissions fidlowing a Valid CS Frame «> Valid Gcdlision Fngnmt aie based 
on a MAC timing le&Knoe. established by die iscdvcr. 

Refening to Pip. 32 and 33, time following a transmission TX is divided mto slots: (1) 
an biterftame Gap (IPG)1400: (2) riiree Backoff Signal Slots 1500 (foUowing collisions 1600); 
and (3) 8 priorily dots 1700. During tiiese time periods Uje MAC is synchronized and die slot 
timing is defined by the rules for valid dansmiaaions as set fordi above. After priority slot 0 tiiere 
may be an arbitrarily long period with no transmissions followed by one or more stations 
attempting transmission, b this latter case die MAC is onsynchronized. When MAC timing is 
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timer is restarted if there is some other transiiassion that a cq u iies die dianoel while a station is 
waiting at a lower priority. 

TheTXJ^ value is dieiniority tbeMACuses to schedule tiansmission and is the value 
present in tiie PRI field of the frame header. Tins value is determined by ahiglier layer in die 
netwodc sticL The PRl field is tised to transport die priority 1^1 from sonrt» to destiiiatio^ 
to assist the destfaiation in m a n a g i n g the receive queue. The 3 bit priority values referred to are 
"PHY priorities'. FSfc:? has die bluest priority, PRI=:0 has die lowest There may be a mqiping 
between lOT priorities and dw IJidc Layer (q.) priori^ values as ddiveied to dw Li^ 
by dw NETWORK Layer. Hits nuvping is described berrin bdow widi nganl to dw Link 
Layer Fkotocols for V2. In general, dw NETWORK layer or APPLICATION layer wiO 
deteoninewiiat policy is used to map tiaEBc onto LL priorities. For instance, IETF bitegiated 
Services cuoendy defines priority 0 as die default "^est effort" {mcnty, and priority 1 as dw 
penalty "worse than best effort" priority - and most impleinentations will map best effort to PHY 
FRI= 1 aood woise-than-bc8t-«ffon to PHY PRI=0. Ite PHY priority mechanism is strict priori^ 
(as (qiposed to schemes which allocate lower priorities some tniiwin»m percentage of network 
capacity) - higher priori ^ traffic always defers lower priority traffic. Ifigher priority traffic will 
be limited by admissioD control or odwr Link Layer poUcy mechanism to prevent over- 



Two iir more statioiisniaybegmtiansinittiiig in dwsaiiwnnori^ Slot foUowtiig the IPO 
period. All statiomtDonitor the channd to detect tbe cidlidmgtiBtisimssiaDS of odwr stations. 
Colliding fTame(8) will be received over a channel widi impairments. Fig. 35. shows length of 
collisions and non-collisimis. Passive stations can detect collisions by observing the length of 
transmission fragment and die validly of the received PREAMBLE64. A Valid CS Frame is 
1 to have a mrique symbol seqiwnce within the fiiti 128 symbols (which are 
1 at Base Rate). The ^wmet MAC Source Address (SA) is used to guarantee 
t. lliat field is Boambled. bat dwIaeramUedSA, SI] tqile win be unique. Slisdw 
4>bit acrambler initialization field, as described Aave. After detectii^ a collision a station 
continues to timsmit dirough die Ediertype field fallowed 1^ an EOF aeqoenoe (symbol 139) 
and then cease transmission. Thus, a station detecting a cdlision will oeuetfimsinission no 
htter dian 70.0 microseconds (CD_PRAG) after tbe beginning of dw trimff. as measur«l at the 
wne inteafacc. The minimum size of a Valid CS Frame is 92.5 microseconds (TX31IN). No 
jam signal is ttansnutted on collisions. Passive stations, that are not transmitting, monitor the 
lengdi of Canier Sense evotts and generate a Collision Ragment indication to die Collision 
ResQhdtao function if dwdutation of carrier is less dian 92 miooseconds (CDJIHRESHOLD). 
Ststions dooot Rcognin canierevenis shorter dian 32.0 miciDsecands (CDJkfIN) as eoIUsions. 
AUtiwnsnii i ting and pMavesoaiona are capable of delecting the colligi<m<rf any • 



B Valid CSFrmnetiansmusion received over a range of 0 to 36 dB (CD_|tANGE) 
flat-channel cbaooel insatton loss and additivenoise with a flatPSD of ~140dBiii/Hzat the 
reodverwithBmissed-collisionefnn-tBteoflsssihan lO-dandaftlsecollisiooenarrateofless 
than 10^. wheie the origin of the colliding fiame is offset relative to the fim symbol of the 
tnmsmitled frame anywhere from earlier by up to 1 2 nrioDSecoiids (CD_OFFSEr_EARLY) to 
later by op to 15 nricioflcconds (CD^OFi^sjelLi-ATE). Where tbeare is a missed coUiaion. the 
probability of detected and undetected enon m the payload daU is enhanced, so CdUsiao 



s two or iDoce stations i 



B Klive with ready frames and ate 

e priority leveL A distributed niOiBonieaohiiian(CR)alBaritfini is 
nm which results in stations becoming ordered into Backo ff Levels where only one station is at 
Backoff Level 0 and can therefore acquire the channel. After the winning station completes its 
transirusson, aU stations reduce their Backoff Levd by one if it is greater than zero, and t^ 
statiott(g) ai Backoff Level 0 attempt tiansmissian. All stations, even those with no frame to 
transmit, monitar the activity on the medimn. Also, the collision leaoiutioa cycle is closed, so 
that statkns ttiat did not cirffide are not aBowed 10 contend for aness to the iiKdiu^ 
stBiiaiis that oolbdcd have tnnsmitted ooe 6anie coooesfftilly of have focgpoe the li^bt to 
tiansmitdieirwaitingftame. UthnatdyaJlstattonathalwaecantendfatgfinaocessin Aeinitiai 
collision gain acc ess to Ae wire and the ooUisian teaoliition cycle is cnda d i "Diis miUts in 
access latEiicy bcmg tightly bocmded. This iiiechainsm difRtn fincmi Biliary Exponenti^ 
(BEB) used in other versions of Ethernet in that the Backoff Level does not detennine the 
contention slot chosen by a station - all stations at a given priority always contend in the slot 
co n c sp onding to the access priority. Instead statiims at noa-zeio Backoff Levels defer 
contending until stations that are at zoo Backoff Level transmit The method used is caUed 
IMstiibiitBd Fair Ptiori^ Queuing (mVQ) as deaoibed in co-podiiig qpplication do. 
09A)267,884, the oonlent of which arc cxpiieuly monpaniled by lefaeuuv beron. Eadi stUiwu 
tnaintaiiiseig^ Backoff Level (BL) coumaa, OBe for each pocgity. Hie Backcff Level c oon ter s 
are initialized toO. Theptiarity level <rfa ndliston can be infemd 6am the priority slot where 
the collinon ocean. Consider the caae«4teie stations are only conteriding on one priority. After 
acollisioo aiid an IPG, duee special Backoff Signal slots (SO. . .52) axe present before the oorm^ 
seqoence of priority contention slots occurs. Signal slots only occur after colUsions, they do not 
follow successful transmissions. Each active station pseudo-randomly chooses one of the slots, 
and transmits a Backoff Signal. More than one station can transmit a Backoff Signal in the same 
slat The active statiois transmit Backoff Signals 
deiemunea the new Badooff Levels to be used. All stations (ev 
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to transmit) monitnr collisioD events and the Backoff Signal slots to corrqute the Backoff Level. 
If an active station sees a Backoff Signal in a slot prior to die one it diose. it increases hs 
BackoffLevel. Those statiaos at Backoff Level 0 (ones that are actively contending) that saw 
no Backoff Signals prior to the one they chose, remain at Backoff Level 0 and oontend for 
tiansmission in the priority slot eqoal to TXJ^ that iirmiedialely fcdlows die Backoff Signal 
sequence. Eventually, only one station remains at Backoff Level 0 and successfully gains access 
to the channel. Stations with higher priority watting frames may pre-enqn the collision 
BPstil u ii i Mi by ttansnutting in a bigbK-firionty dot.* AO Italians, even dxwe mt ooatemSiig for 
aneas to die wire, also maintain a Maxiinnm Badcoff Level (MBL) ooiinter per priori^, wfaieh 
iiincw nmntflil foreadi BBPlM ii ff Signal aBCMindd BCuiiiiBuiii d when ■ mnnwift ii ^ ffflf fjr^tf^^^^i 
oocors. llwMBL is rnn-zeiD whenever a oiriliaianreadtitian cyders in progress. When a 
station first becomes active, if MBL is i»n-zero, BLis iiiitializBd to contents [KfBL], otherwise 
BL is initLalized to 0. This ensmes that aU cuncntly active stations gain access to the channei 
before stations can re-enter the waiting qoeue. The BACKOFF20 signal is a symbol sequence 
oooristtng of 16 symbols of die preamble sequence (TRN16) transmitted, followed by the 4 
symbol EOF seqnenoe. Detecticm of the BACKOFP20 Bignal(s) in a Backoff Signal slot must 
be posafUe even if moe dian one s mi whi aelects the tame akH. S tation s inqiiemerit saiuratiug 
4.ba BL and MBLeoaDten.Tlie width of the Sipial Slot is 32 micnsecands (SKLSLOT). 
Stationa unidetnant tfia MAC function widi oolltsion iBnlulion vfhoae bdiavior matchBS the 

Tbc prtxxdural model oaes a pseudcK»dc modeled after Concurrent Pascal. IEEE Std 
802.3 1998 Clause 4.2.2 provides as overview of this pseudocode. The cede set forth below 
models three independent concurrent processes (Deference, Transnnticr, Receiver), which 
interact through shared variables. The Deference process is driven by the detection of 
transmissions on the cJiannel, and times the boundaries for Signal Slots and Priority Slots. The 
duted variaUe cutiemMority signals die Tkaniimtierprooesa when a tROismlasian sto 
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R^icning toHg. 36^ certaiD Ik&c pofamf^ 
A s 63 nancwecands. Hk Link-levd fisme oondats cf tiie DA fliiiMigh PCS fields, prior to tbe 



PH Y-level Ccame eDcapsuIattcm. All V2 stations transmit link-level frames witb a minijinQn of 
64 octets. Tbe payload field of Unk-levd frames snxallerthan min^BmeSize is padded witb any 
value ocneis appended after the suiqtUed paytoad to make the fimiie minln^^ 
maximmn standard EdiemBt fiane is 1518 octets, tiut soDiB V2 lii^ 
add additional odos. AU^^statkms are aUe to transmit and lecnvelink-M 
tDlS26octets. No VZctatiootniisiiiits fink levet-temes Witt 

for 2 MBaod and not moie dian CPE-7)*2048 octets for 4 MBaud. The nomber of octets 
specified counts DA through PCS, and does not count preamble, header, CRC-16 or PAD or 
EOF. This will lesult in a maximum frame duration of 4166 micioseconds for a ftune with 
FE=1S . A V2 station defaults the maximum length frame it will send U> a given DA to 1526 
octets until it can determine that the receiver can support larger transmission units (e^ by use 
of the CSA annouooement of CSA^ITU as described below with legaid to liak protocols. 
Hiescmaumums establish an u^tpei bound od the dur^onofa given transmission and an upper 
bound on the maximum fiuse size ttutnoovcn must iccaniEDoditB. 
Homenetwoiking Link Layer Overview 

la accotdanoe with the pneseot invention the following link ooniiol fonctians are 
inqileioented: (l)Rate Negotiation; (2) Link Integrity; (3)Capability Annoimcenmt; (4) limited 
Automatic Repeat leQuest (LARQ). lliese liak functions use control fiames to cany ptotoool 
jnessages between stations. V2 includes a standardized mechanism for Link Layer network 
control and enc^Kuiation. Control frames are data link layer fiames that ate ictotified by lEBB 
assigned Etheitype value (0x886c designated for the Assignee of the piesent qjplication) in the 
TypcrfUagthfieM of the frame, and flmher distinguished by individoal^^ The link 
control entities may be implemcntBdin liaiUwai e or driver aoftware. link Control frames are not 
seen by layer 3 (IP) of the netwotk stack, and are not bridged between network segments. 

b shottU bo noted Ihat the Minima! Link PMocol Siqipoit Pkof^ 
Protocols embodiments of tbe present invention allow less complex impleinentatioos of tbe 
HPKA V2 characteristics. While each of tbe four conttol protocols serves an important functitm 
in the opoation of Ac network, it is possible to implement minimal support for CSA and LARQ 
that is compatible with fully functional implementations and does not detract from the overa]) 
perf oimance of odier stations. Tbe shorter name, Minimal I^Sle, will be used heranbelow. Fbll 
suppcKt of aU the UiUipBiotDColB, called the Link Protocol SupponFYofik or Pun 
shott. is assumed tmless Minimal Rrofile is explicitly mentioned. 

RefeningtoHgs. 37 and 38, tfiere SR two basic focmaB fora Link Qndrol 
subtype and a ahon subtype. The long subtype ftrmutt is provided fw future qjecified control 
frames wbtm the amount of oantiol infcnnslian exceeds 256 octets. The connol and 
eneapsnhition fhnnes described herein use the short sd^pe fonnttt. In the frame formats 



-41- 



de&ned below, note that before transmission the link Control Prame is converted into a physical 
layer frame by adding I^eamble, Frame Control, CRC-1 6. PAD and EOF as described above. 

Describing first the short foinml as shown in Ing. 37, die SSVetsion field is 
recomswiided for aU protooob iising the Short Fcnm Unk Cantrol Frame header, and sp^^ 
which format version of die control information is used. This allows fudne extension of each 
SSiype. SSIjsnglh is diecked only to ensure that enough comml infannatiwi is present. New, 
backwards coiiqiatMe, frame Itomals may ocwilaiTi additional fixed data fielda, but wfll dwaya 
coiitaio the fixed fields ^ectfied in earlier fonnats, so pnAoool impIenK^ 
latest veiBoh that is less than or equd to SSVenion. The Next EtherQipe fidd is 
for all SS headers. Among otherthiDgs, it supports backward compatibility by enahlingrocdveis 
to always strip short format link layer headers. If tbe Next Ethertype field is zero, then the frame 
is a basic oontn)l frame atui is dropped after processing the control iiiformation it contains. The 
Next Ethertype is always tbe last two octets of the control header. The position of Next Ethotype 
in the frame is determined using the SSLength field in order to ensure forward ccnnpatibili^. V2 
receivers are able to reinove at least one encapsulating header with an unknown subtype £rom 
any received data frame. Fhtuie embodiment versions may reqnin: theiBooessing of multiple 
headers, snch as might ocsnr if a Rate Request Conttal KainB wen iftsened into (piggybuk^ 
on) a segolar data frame with a LARQ header. Ihe header and trailer for standard EUieinet 
frames are cross^tched in Fig. 37, in onter to bi^gjit the formats of the control infonnatiott 



Describing now the long format as shown in Hg. 38, an LSVersion, similar to 
SSVersion, is recommended for all Long Format subtypes. A Next _fthertype field is 
implemented for all Long Format subtypes. In general, if Long Fonnat subtypes are not 
undeistoodby the rBoeiver(a fact possibly announced via future CSA oi^ions) then Hney are 
topped. Frocessing tequiiements widi reqieet to forward compatibility, dropping of unknown 

fianiB type* with TMeK^BlhMtyptt »n, miH iwmwiwtl nfT j«g Rf>nniff hradtlB with N*** JWlTrtypf 

1b 0, are identical to those for Short Framat Control Frame headers. Network transmissim order 
of frame ^ds is from the top to dw bottom of each figure. Within afield, tbe MSByte of the 
field is die first octet of the field to be transmitted, with the LSBit of each octet transmitted fiisL 
Subsequent bytes within a field are transmitted m decreasing order of significance. When 
subfietds are pictured in the figures, the arderiiig shonm is decreasing ^gnificance finn the 
to the bottom of the figure. 

The payload encodiqg (FE) diat can be achieved is a functiao the diannel quality 
between Boaroe aikd dcstinaticm. and die channel quaUty generally differs between each {wir (rf 
stations dqiending on tbe wiiirig topology and specific diannel irnpairinents. Theieforo the Rate 
Negntiatian function in a destination sUition uses Rate Request Control Fraam (RRCfO. as 
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■hown sad defined in Hg. 39, to provide p'rffninp*''?" to a loorce stadoo as to t] 
CTPPding ibat die mnoe italiaD use to encode fbtuie fames sent to diis destinittion, sod to 
geoenffi test fames to assist a receiver in setectngtbeinostsp^ Thepolicy 
which the destinaiton station uses to seka the destiodpayioedencodiiig 81^ it uses 

to decide when to trassmit Rate Request Gootrol Frames are implementation dependent 
Algorithms for selectiaD of payload eocoding and time to transmit RRCF for a prefened 
embodiment are setfoitb in inoie detail below. Stations aivoid transmissioo policies that can 
mah in exceiaive lubes' traffic. IteFHYpayloadmodiiiBtioacantiaeltoSbita^-Baud 
constellations and one of levenl dEfiaed bands winch aie combittatima of Band ntes, 
nodnlation type (QAM vs. FDQAM) and carrier faqucocy, as described above. The RRCF 
ipecffies a inaxtnmm constelktiao (bits per Band) diat dw lecdver (ReqDA) 
in a given band, or indicates that a given band is not sopponed. Additional bands may exist in 
futme vanoos, and cmi be dcsciibed wi± band descriptors \VE. rank) added after Band 2Jf 
additional bands are praent, their descriptors wiU appear between Band2.Jlank and RefAddrl . 
andHPNA V2 stations take their presence into acooom wboi detemoning die location of tbe 
Re£AddrlxsL InHg. 39, die aoss-hatdied fields will not always be preaenL V2 stations ignore 
band c ha rKteri s t i ca beyond Ntmbandsa 2. If a receiver does not specify a band in an RRCF, 
or qpedfies a IE of 0 for a band, dien tianandtteB do not oae diat band. The NomBands and 
NmnAddr fields are |daced next to each odier lo diat all the fixed fields can be refexenoed at 
known ofFseta in die frame. Hg. 40 shows the assigned values that may appear in the band 
description entries in die Rare Reqoest Control Rame. Hg. 41 diowsdie values diat may appesa 
in the OpCode entry in the Rate Request Control Frame. Hg. 42 descnlies furdier terms and 
definitions. Rate Negotiation is deftittd over Buapiex logical channels. A separate channel is 
defined for each combination of Etttemet DA and SA. There is no ex^dt channel setup 
procedure. A new channel is impliddy defined when a packet is received from a new SA or sent 
to a new DA. Each diannel has a Bn^eaeiider but can-have mnliiplefeceivas. Receivcn 
operate indepeadeofly. R a t e co n trol fames (all Opcodes) are aent widi aprioiiqrc c ne spon d ing 
to link Lqier pdofi^. RRCF are not sent widi alink I^yer priori^ of 6. RRCFs may be sent 
widi a lower link Layer priority, finm die set [S.43,0]. However, die link Layer priority of an 
RRCF is iH}t lower than the fai^iest Liiik Layer priority recdved in dw last 2 seconds finm the 
station to which the RRCF is being sent. Rate Change Requests (OpCode = 0} is sent with an 
encoding of 2Mband FDQAM at 2 bits per baud (PE=1) when the network is operating in V2 
mode, and widi VI encoding when the networic is (qnadng m Compatibility mode. Selection 
of die encoding for Rate Test Request frames and Rate Test Reply fames is described below. 
Eadi station maintaina a timer widi aperiod of 128 seconds. There is no attempt uqmcfaronize 
t. The tinier is not modified by receipt or tiansnussian of any fames. 
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and br oa dcast addresses. 

Turning now to tbe tender operation, the logical dtamiel state infotinarifm is accessed 
to determine die semkrFE to use for transmission. The channel is created if necessary, and die 
sender FE defadls to FG=1 (2 bits^-4«ud. 2 Mbaud FI>3AM) if die network is in V2 mode, 
or to PE=8 if the network is tqnating in Compatibifity mode. Logical channel state infoiinatiaR 
inRhTdes die node ^/ps 1ft knownX die aender FB and the noeivBr VR fa each band for viiich 
diia infoimatioo has been spec ifi ed. When first entcnug G^ib | y k li hih ty mode, all im umlia i c ps 

to all nodes are sent widi VI ^""^ * pwinH nf HH ■wrfKfa , twg^nfla«« «ff tha MWttef PR 

associated widi dielogicddhannd stare inftafinaiion.WhUeuiConqiatibim^ 
channel state information for any active V2 node includes a value of sender PE=8, then all 
transmissions to qD nodes SIC sent with VI encoding. When no active V2 node's lo^cal channel 
state information includes a value of sender PE=8, transmissiau revert to die rate specified by 
the sender 1^ associated with each diatmel. While hi Compatibility mode, all multicast euid 
broadcast fames are ahways transmitted widi VI encoding. While in VI mode, all fiames are 
always teansadned widi VI mm^ng. For eadi of die RefAddta in the RRCF (starting widi 
BrfAddiO, the SA of die RRCF faine), the logical channd stale infocDBation is aoceaied, if any 
exists, «' ^ ffi< ff p *w«d in0 to die RefAddr, *«yt the sender VE ia npdat ffd acoonding to the band 
cbancieristics in die RRCF. V no logical state infomation exists for RefAddtO, die 

station creates a new logical channel state entry and irutiaHzes die sender PE ofxxnding to die 
band characteristics in die RRCF. no logical cfaann&l state mfoimation exists for additional 
Ref Addrs, the station may either ignore dnse addresses or create new logical channel state 
entries and mitialize die sender PB according to the bami characteristics in dw RRCF. For 
multicast addresses and the broadcast address, senders use a rate that is receivable by all nodes 
acdvdy Ustemng to that adcfaess. Sender stadcms niagf enforce a inioitnnm widcfa they 1^ 
use to transmit to a given multicast channel, based on ^pjication-level information aibout 
Quality of Service (QoS). It is deaiflble to send at the highest rate si^ported by the dianneL 
Hence, if a Ref Addr is amidticast address crdte broadcast address, dte sender uses the FB value 
which yields the highest raw hit-rate, but winch is not greater than any of the band 
charactcristicss provided by the nodes actively listening to that address. Active multicast 
listeners are defined as any stations wluch have, in either of the last two 128-second intervals, 
dther (1) sent any frame to the multicast address or (2) sent a RRCF to this station with the 
muhicast address Usted in die RefAddr list Active broadcast listeners are defined as any stations 
^h have» in cidier of die lait two 128-aeoond hitervals. eidier (1) sent any fiame (widi dw 
fipticMil exception of link Integrity fames nstng F&sl) to die broadcast address or (2) sent a 



RRCF to this station with the broadcast address listed in du RefAddr list Fcr each supported 
band encoding a Rate Test Reply fame (RRCFOpCode 2) is genenued to the tcquestor encoded 
using the specified payload encoding. The conteats of the RRCF is die curreot logical dunnel 
state info. Suppat for Rate Test Request fames is only required in stations ttut inqdemcnt 
additional bands beyond Bandl. Stations diat only implement Bandl silendy discard noeivBd 
Rate Test Reqaeit fames. An active V2 node is any station fiom vdncb a faone has been 
reodved m ddier of dte last two 128-aecand faitervals. Whenever a tranntion to Coa^ta^ 
mode oocms, sender FEianaet to a vabie of 8 for all channels. Whenever a tnmsition to V2 
mode occurs, sender PE is leset to a value ofl for al] channels. A station wMdi is not arable 
of transmiting or decodmg conipetibiUty mode fiiimes (hereafter referred to as a non^xmipat 
station), adheres to dw following additional rules. Whenever a non-compat station transitions 
fiom V2 to Compatibility mode, it transmits a broadcast RRCF (i.e. an RRCF widi DA= 
TFFFFFFFFPFPO requesting P^ for aD applicable refAddr valnes, widun die first 30 
seconds after the mode transition. As long as the non- co m pa t station remains in Cooqiatibility 
mode, it oontfamea to tnnsmit broadcast RRCPs requesting FE*8 for all qiplicabie lefAddr 
vahies. at a rate of one RRCF every 128 seconds. These RRCF tiansmissioD roles iqdaoe all 
odxa- RRCF transmission roles for a non-compat station during Compatibilily mode. 

Now turning to recdver opoation. the following basdine algorithm fbr limiting the 
number of RRCFs is aptefemd embodiment. Altemative implemmtations do not generate more 
RRCFs than the suggested implementatioo. Nodes that are interested in participaling in a 
multicast cff broadcast channd provide a mechani sm to ensure that all soorccs of frames sent to 
dw mnliicast address of dw channd are leiniiided of this node's paitic^ation in that diannel at 
least once every 128 seooods. For each channd. a Rare Contnd Backoff Limit (RCBL) is 
■mrinfmnfiH that cBoges in vahie from 1 to 1024, and a Rate Conbol Backoff Rame Couit 

RCBL is initialized to 1, and RCBIC is iniiialized to 0. For each iBodyed fi^^ 
new desired PE is computed. A sanqile algorithm for selection of desired PE is described bdow. 
If the new desired FE is different from the previous value of the desired FE, then RCBL is reset 
to I, and RCBFC is reset toO. The new value is saved fen- desired PE. If the PE of die reodved 
fame is difEerent fiom die new desired FE,UienRCBFCia incremented by l.IfRCBFCisnow 
greater than or eqoal to RCBL, then an RRCF is sem to the source of die fiame, RCBFC is reset 
loO,andRCra,iBdoiAkdnptoainniianmaf 1024. ffamulticastduanel is active (baaed on 
reed ving frames odierdianRRCI^widnn die last two 12&-iecondmtervals), sod more dian 128 
seconds have passed sfaioe dw leodver has salt a fiame to dus innliicast address, an RRCF is 
tfansmitted with die cuncnt recdver FE to any nodes diat have sent fames to diat nmhicast 
address, with a Re£Addr set 10 the innlticast address in qiKstion. Multiple midticast addresses 
may be aggiegated into a single RRCF bcn^ sent to a node dot has been active on nmh^ie 



multicast addresses. However, only addresses for which the intended redpieni of the RRCF has 
been active are included. In RRCF messages, requesting stations attempt to specify the 
maximum pa^oad encoding that diey believe will have an acceptable error rate, in order to 
maximize die aggregate dmnij^pat of die netwmdL At a mmimmn, die 2MBaud band is 
apedfied in an RRCF. An exan^le dgoridnn soitaUe for use by devices implenienting a u 
band(Bandl) on networits widi additive white noise and iteptdae noise is now described. Odier 
algoiiliuns are possible whidi may better optimize the sdectedp^doad encoding based on the 
loeasured diannel conditions. For each implementation, a table of average slicer mean squared 
error (ASMSE) required for each pa^oad encoding (exc^ PB=8) to achieve a packet error rate 
(PER) of 10-3 is compiled. This table is defined aa DOWN_lARQ. A second table is defined 
widi a target PER of le-6. This table is defined as DOWN_NOLARQ. UP.XARQ is defined 
as DOWN_lARQ widi all ASMSE valnes decreased by 2dB and UP_NOLARQ is defined as 
DOWH_NOLARQ widi all ASMSE vahies deoeased by 2dB. 

Ihe following steps describe how to select die new payload encoding denied for a 

(coir_pe), and a new frame ia received on that channd. 

1 . Keep a history window of 16 HPNA V2 frames per channel For each channel, compute die 
ASMSE over all fames in die history window dial did not have a CRC error. 

2. If in Coinpatibitity mode, assess wliether or tiot eiiough margin exists in the system to allow 
proper detection of compatibility fames on a per channel basis. If, for any given channel, sudi 
margin is d etenn i ned not to exist, dien set new_pe s 8 for that channel. If soch margin is 
rtRlPiiniited to exist and coiT_pe = 8, set new je —1. If wadtt maiga] is detetiuiiied to exist and 
can-_pe 8, set ncw_pc = corr_pe. ffnewjc = 8orcnnLpe = 8.thenexiL Bsc: 

3. If sH die fames in die Ustasy window were Rcdved widi a CRC enor, set new_pe = 1 and 
exit. Else: 

4. If LARQ is in use on a rfumnftt, fad the greatest 

payload encoding m die UP.J^Q table wiUi an ASMSE greater dian or equal to die ASMSE 
computed in step 1. If LARQ is not in use, use die UP_NOLARQ table. Define dm payload 
encoding as ttew_np_pe 

5. If LARQ is in use on a channd. find die greatest payload encoding in die DOWNJLARQ 
uhle widi an ASMSE gteaterthanoreqiial to dKASMSEeampnted in step 1. ffLARQisooi 
m use, use die DOWN_NOLARQ table. Define tins paytoad encoding as oew.down^ 
6.Ifoewjo[p_|)e>ciniLpe,settiov^stiewjQp^andc»t. Else: 

7. If new_down_pe < cumjic. set oew_pe = new_down_j)e and exit. Else: 

8. If neidier 6 nor 7 is satisfied, set new_pe s aiir_pe. 

Titt ofbd between dw op and down rate aelectian tables provides the algorithm with hysteresis 
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to provide stability in selection of a pajdosd encodtug in the presence of minor variations in 
ASME Due to this offset, conditions 6 and 7 cannot both be satisfied simottaneously. The 
combination of the 16 fmoe history window with the selection hysteresis prevents the rate 
selection algoridun ftcm geneisting an excessive ntnnber of nue dianges while remaining 
responsi ve to sjgnilicant changes in the channel conditions. Hie seloctiaii algonthm for the value 
PE=8 in step 2 should also include hysteresis to avoid generating an cxcessiveiniinber fif rate 
changes while icmaiiiiag responsive to significant changes in (he dianad conditions. 
Petiodieany, hm at a me DM to exceed once every 128 aeoonda (exce^ as desoibed bdcw), « 
lecdver nury tend a lUie Test ReqtKSt frBme to a sender lo test if the cham^ 
diffeientband The l»ndeaoodiDg»iqnesent the encodings for which the reodva-wcw^ 
the lender to gencnte test fiames. NnmAddr is set to 0 in Rate Test Request ftames. Rate Test 
Request frames are «cnt encoded at the cnrrcni negotiated rate for the channel from the receiver 
to the sender. Support for Rate Test Request frames is only required in statiacs that implement 
additianal bands beyond Band!. Stations that only implement Bandl need not provide a 
mechanism for geaierating Rate Test Request frames. Upon receipt of a Rate Test Reply frame, 
dw receiver uses the demodulation statistics for this frame, and any previously leceivod Rate 
Test Rs|dy frunes osing tUs encoding, to nake a decisiaB as to ttie diannel's capability to 



least 128 seconds. V the dedsicm is that the channd is cqidite of siqipoftingdte tested bamd 
encodmg. the receiver may repeat the test to coltect more data, at a maximum nte of one 
RateTest Request frame every second, with a maximum of 16 additional tests. At this point, the 
receiver genostes a Rate Change Request to the sender specifying the new bsitd encodisg. 
Support for Rate Test Reply frames is only required in stations that inqilemBnt additional bands 
beyond Bandl. Stations that only implemait Basidl silently discard received Rate Test Rq>ly 
frames. Whenever I nxnsition to Compatibilily nx)de ooctBi, the reoeiver PE is ae^ 
of8fiaiandttnnelBfbraperiodof60secondB,toinstebtheSeodernodes*lxibaviar. Whenever 
a mnation to ^ mode oocus, (be leodver FB is set to a value of 1 far en dmimela. 

Tlie Link faiegiity nmctton is now more Mly deaoibed. In addition to the 
implementation aspects set forth boeinbelow, the ccmoepts set forth in related VJS. Patent 
Application No. 09/619,553 entiUed "A Method And Apparatus For Verifying Connectivity 
Among Nodes hi A Commumcalion Networic", which is incorporated herein by reference. The 
purpose of the Link Integrity i^mctioo is to provide a means for hardware and/or software to 
deteimme whether or not this station is able to receive flames from at least one other station on 
ihe mcwadL In dw absence of cdwr traffic, a station periodically transmits a Link lotegiity 



Control Frame (LICF) to the Broadcast MAC address, with the interval between such 
tmtsmissions governed by the method described below. 

When in Compatibility Mode, a V2 station tzansmits LICPs once per second as HFNA 
VI frazites. The standard frame format defined below is used (including the use of Broadcast 
(OxFFFPFI^3FFFFF) for the destination MAC address). When in native V2 mode, all stations 
iin{riement the following function to ename that, with high prababitity. within any 1 second 
interval there is dther(l)«t least one UCPseitt to IfaeBrosdfcast MAC ad di c ts f rom tte 
or C2) at least one packet addressed to the Broadcast MAC address reed ved from each cf at least 
two other stBtsons. Additionally, all statioos send at least opeUCFeveary 64 secoonds. &iV2 
mode, a Link Packet is any frame recdved with a vaUd header PCS. InoanqntilitUtyinodB,a 
Link Packet is aiiyV2 oonpaiibiUtyfinine with valid ]»ader ICS or ^ 
a valid AID header and a PCOM field. Each station maintains a free-running timer with a period 
of 1 second. There is no attempt to synchronize this timer between stations. The timer is not 
modified by any link state tronaitions or by the reckon of any frames. Tliis timer is the source 
of the timeout event used in the link integrity state taUe described below. Each station maintains 
a 6 bit PORCS_S£ND counter ^ch is initialized to a random value between 30 and 63. This 
initializaiion value nuy be sdbcted once at no^ Btaittip end oaed for each ie4nitiaIization of t^ 

POFrR.SFl*n> rniwitw, nr n rtnai mritim vittin> may hw aflfflpA fnrfi* n^n jri*»7Jtion ftf thtt 

VOBtCBiJESD counter. Each station has a legister ^Al) Hut can be set from the SA ctf a 
leodved link Packet Wten in native VI node, an LICP is sent with a priority co rie spo nding 
to link Layer priority 7. Tlie FE for an LICF is detenntned by accessmg the RRCP lo^cal 
channel tnfotniation for the broadcast channel Each station sends aUnk Integrity Control Rramc 
(UCP) according to the state diagrains shown in Hg. 43a and 43b. The state diagram depicted 
in Hg. 43a gives a pictorial view of the state transitions, with some minor loss of detail, 
inchiding amission of events that do not cauae state transitions (and have no assodated actions), 
and the cnHapsing of nuiltiple eveote into a singte tr ans itio n with a moie comphw description 
of the action. Kg. 43b provides a compete state triUe, with assnriatwi actions. The timeont 
event is lbs periodic exphatian a oneseoood frBe>4uiuiing timer. Initial State: DOWN, 
Iksoe^Send initialized: 30 ^ ItaceJSend <s 63. lite FSM Is a ini&d in^lemematt^ 
provides the required behavior in both native V2 and Con^wtitnlity con^utibility modes. Link 
hi^ty Status is iiHiicaigd when in any state bet TOWN. In a p t eferred embodiment all stations 
include a visible Link Status Indicator (LSI) (e.g. an LED) for indicating link Integrity Status. 
Hg. 44 shows a Link Integrity Short Frame. 

lie Capability and Status Announcement aspect in aooordanoe with the present invention 
is now desalted ]n«e ftdly. A mechaoiam is defined fiv networic-wide negotiatioD, cqiab^ 



Capabilities and States Annoiinoenients (CSA) sent in CSA Contiol Fmoes (CSACPs). Hw 
defined status flags allow detennination of the station's HPNA venion, optional feature support, 
and link-hyer priority usage, as wen as coomunication of netwoffc oonfigmation cammands. 
The purpose of the protooci is to distiiboM to aU stetions tiie Gon^dete set <rf status flags in use 
on the network, so that stations can bmJcb opera ii opsil decisions based on those flags with TO 
finiber intoaction. Stations ine tfie CSA Contnd Ft«n» as Aown in Hg. 45 a^ 
definitions as diown in Hg. 46. Stations send a CSA Cootnd Hame once per tniinne or vbao 
a change in the station's cnnent status rBqinies die anuouiicement of new (or deleted) flags. A 
station s ffwting a CSA Couii'iJ Frame ann o t nic ing a status change sends a seco n d copy of the 
most recent CSACF a short interval after the fiiirt, since it is ahwaya possible to lose a frame doe 
to temp or ar y changes in the channel, impulse noise, etc. The interval is randomly selected (not 
simply fixed), and chosen from the range 1 to 1000 milliseconds, inclusive. CSAControlFrames 
are sent with a priority conesponding to Link Layer priority 7. CSA Conlrd HanteS are always 
sent to the Broadcast addre3s(0xFFPFFFFFFFFF). The PE for a CSA eootrol frame is 

A*iifininwt hy «nnHMhig Ihft PBC!P Ingieal ehtinrl tnfnwnwtinn fnr thfi htwadrawt etiMWMtl A 

Reqnest Opcode is defined to altow a Station to qmckly gadier compete iufonnati 
siatiuiis. Upon ncetviqg a CSA control frame with ttie Request opcode, a station transnute a 
cmrent CSA message after a dday of a short intennd, using die same mrwhsnism (and 
parameters) that delays the second copy of CSA annonnoemeats, described above. Refeningto 
Hg.4S,the first three fields beyond the Ethernet header comprise the standard header for short 
format control frames. Referring to Hg. 46, flags are used for CSA_CurrBnfrxSet, 
CSA_01de«TxSet, and CSA^CurrcntRXSct in Cqabilities and Status Announcement control 
frames. Thirty-two bit-flags are mpponeA for announcing status and configuiation mf ormaticn. 
The flags are divided inte done basic gtoi^: mode selection fl^gs incloditig HPNA ver^ 
infinnationt supiKiiied options, and in-use TK link layer priority announceiufiitti Tlwse flags 
an added to the global state as soon as announced, and removed when no longer announced by 
any station, dther duoogh explidt ddetion or by timing them out. An tn>ute TX link layer 
priority will be announced for a period of one to two minutes after the last fiwne actually sent 
witii die priority, tnitil the aging mechanism causes it to be deleted from CunentTxSet The 
default set of states flags, used to initialize the NewTxSet (defined bdow), is defined to be the 
priorities 0 snd 7, die station's HFNA version, and any supported options. The basic time interval 
used to age out non-penisteDt status infonnation is one iniiiote.'Each station has a iqieaiing 
timer set to dus intervaL Tbe timers in difiieieiit stations are not ayndnonized, and 
syncfaionizalicni is avoided. T h e deicriptieai below lefcn to the time between ooe expiiatian of 
this timer and the next as a '"period". Tbe ''eoiient" period lefos M thetinie since tiK oiostteoem 
catpiiation of the timer. A CSA frame IS sent at the end of each interval. Hgs. 47 and 48 dqrict 



variables and timers respectivdy. Eadi stsrioo maimains five basic sets of status and priority 
infoaixuuion, as shown in Hg. 49. In addition, three more composite sets are defined as die union 
of two or mtne of the basic sets, as shown in Hg. SO. The composite sete are kept in sync with 
their component basic sets. Now bjtning to the Cap^ilities and Stetus Announcement 
Hotocol operation, the CSA Protocol does not directly process transmit frames. When the 
LARQ protocol as discussed bdow is in use (Bin Pnrfile staiionsX CSA looks St Ihe LLprtority 
of die frame as it would nonnaDy be seal to die driver 1. If die LL priority is not abeady in 
NewTkSet, it u added to Newl^iSeL 2. If die LL priority was not aheady ni Newl^ and it 
is not in PreviooSTxSet, then a new CSA control frame with the CSAjOpoode set to 0 
(Announce) is sent , and the RetransmilTimcr is started. If die timer was already naming, it is 
then cancded and restaited. The cmrent PHY priority mapping fimction for die driver is 
tqxiated The recover may want to save a copy of some or all of the most recent CSA frtan each 
Other statian as a simple way of tracking other station's capabilities and status: 
1 . The status and options flags from Ihe CSAjCunentTxSet are recorded (optionally) in a table 
indeated by dteSourceMacAddiess.Tlieoptions flags aretaedtosctect use of optiood functions 



2. If die CSAjOpcode in die frame is 1 (Request), dien die ReliansnntTimer is started. If dte 
ttmer is already nmning it is reoonmcnded dial it be left lonmng, aldiDUj^ this is not 

end cancellation follovml by restart is allowed. 

3. If CSA_CuncntTxSet has a flag not abeady in NewRxSet, then the flag is added to 
NewRxSet, and it is determined whether this flag is not present in die PrevtousRjiSet The 

ig boolean expressions are as follows; 



NewRxFtegs = { CSA_CutreatTxSet & -NewRxSet ) 
NewRxSet ^ NewRxFlags 

RedlyNewHags » NewRxFl«gi ft -^HcviooSRxSd | CutientRxSet) 

4. CSAj01destT)t5etisooniparedwidiCSAjamBnlTkSetlfan<ghasbeeodeleted.andifdiat 
flag ii also miadng from CSAjConeatRxSet, the flag is then deleted from NewRxSet, sod 
pRviouaRxSet. The ootresponding boolean expressions are as follows; 

DdeteSct= (CSA.0ldesiTxSet&M3A^CuiienmSet)&-CSAjCttntentRxSet 
NewRxSet s NewRxSet & -DeleteSet 
PrcviousRxSet s PreviousRxSet & -DdeteSet 

5. If dlhcT ReallyNewFli^ or E>deteSet are non-zero, then die netwodc mode and priority 
mqqnng are tqidatod. as necessary. When a CSPJTimer timeout occurs, the vaiioas status sets 
are itdled over, diecoBiposite sete ate le-computed, and a CSA is sent llie RetxansnntTinKr* 
if needed, is set. 

I. Move NewRxSet to FievioosRxSeL 
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2. Set NewRxSet to 0 (empty Kt). 

3. Move PieviousTxSet to OldesfncSet 

4. MoveKewTxSettoPteviousTxSeL 

5. Set NewTxSet to the dd^t act, cooaistmg of this station's tugbest s ap poit e d 
vezston, conait ooofigizratioD flags if any (nonnally none), ctmenlly supported 
options, mid the defenh priority set {0,7 ) . 

6. Update QmcnrrxSet. CuncntRxSet, and fiuiseSet (at lead togicaHy, an 

7. Sod a CSA frame with die CSAjOpcode act too (AmMimceXtae^^ 
updated flags. 

8. ffCSA.CinreoO'xSet and CSA.01destn[Set tntheCSA frame just aeotweie 
difrerent, stait the RetransnnlTmicr. If the timer was previously ninning, dm 
cancel it and restart it. 

9. If one or more status flags have been deleted, ami reconqmte the netwoik 
opaating mode and/orpdcnty mapping fbnction due tocfaangpd status flags. The 
loodetaqiping Rcooqiutation is perfiDimed 

DdeieSet sOldestniSet & -iPkcVIbtSet I OmaitRxSet) 
If the Retransmilllmer expires, a cunent CSA frame is sent for ttds ttatiea with tlie 
CSA_Opcode act to 0 (Announce). The timer is not lestaited. ThcCSApcatocoldoeanatitaelf 
peifoim network oKxle sekctioo, b« simply provides a distribmioo mechan^ 
flags. 

nwe is a cost of slighdy lower maximran attainable bandwidth assodated with lower 
PHY priorities in the HFNA V2MAC pnitocolif a default mapping scheme of link layerto PHY 
layttprioritiesiseinptoyedThUcostbe^^ 

traffic is being canied on Ibe netwoik. Iteefore. the CSA protocol includes pmodbies for 
remapping lower U. priorities to higher PHY teyer priorities when no static 
sending traffic matkcd for dtose higher priorities. The choice of Physical U)er (PHY) priority 
for a givoi frame is based on its assigned link Uyer (li) priority. The dcfadt mapping ^ 
LL priority to PHY priority is specified below. Tte UL priority of a frame at the sender is 
conveyed to the leceiving station in order to allow proper recovwy of link layer protocol at the 
rwnvtt. This lequiies rather a fixed. one-toKine, mappii^ of LL to PHY prioriti^^ 

forcanying the LLpriority within each frame. Hie LARQ protocol, defmed below, 
canies the asajgned LL priority from a sending station to a receiving station, ptovidhig die 
icqnired mecfaaniam, and thereby creating the q p po rtiiuity to apply non-ddSault LL to PHY 
pMy mqiptiqsK, «4dch in tuni. allom for higher ioaxima^ 



may sfrionaUy use an 802.1q header to convey the LL priority. However, since support for 
8Q2.1q headeis is oi«ional. a staiioa enployiag this method attenqx to detennine that aD 
leceiveia of the frame support die oae of 802.1q hcadns. Slaliona that do not suppem. 802.1q 
headen aie nnlikdy to property leceive frames diat inetatdb an 802.1q hnda. When the 
asagnment of a Physical layer priority to the frame occuia, any chan^ to the IWY priority 
lemapjangfimction due to the use ofa new priority shooMalieady haw been madfc Tliedriver 
uses die remapped PHY priority to transmit die frame fmduding plaang this value i^ 
Control Header) unless die frame has no LARQ header, in which case the default LL-to-PHY 
niappiag is used. The LL priority of received frames indicated op the protocol stack by the 
driver (befiore ai»y teaasignment doe to a LARQ or miq header) is determined using the 
default PHY^LL priority map, except diatMimmal Rofile rtations indicate the priority of all 
frames as U.O. The medianiam that gnatantees cornet U. priority f« reeeiwd fia^ 
iBiluialion of LL priority from the LARQ (« optionally. 802.1q) header. LARQ 
processing is always peifoimed after die default LL priority has been assigned in die receive 
pafli. The IEEE 802.1p characteristics places die default (nnassigaed/best-dfoft) priority above 
bodi priorities I and 2. when an 8-levd priority system is in use. Therefore, Link Layerpriority 
0 win be mapped above bodiLL 1 and LL 2 for default Physical La>wpriority assignment IEEE 
acip designates priority level 7 for Netwoik Control and priority level 6 for traffic requiring 
latency of <IOniaec (fytscaOy chancterized as voice4ike tiaflfic). However, on HPNA Y2 
netwoikB. PHY priority levd Tisiflseivedfiar tiaffie leq^ng latency of <IOm3ec, and Network 
Control tiaffic is lednocted to HPNA PHY priority levd 6. So the defindt m^iping f« 
PHY priorities faichJdes die swapphig of priorities6and7.PortnuismitiBd frames, die set of LL 
priorities fO, 1, 2, 3, 4, 5, 6, 7] are by default mapped in aider to the following set of PHY 
priorities [2, 0, 1, 3, 4. 5, 7. 6]. For received frames, PHY priorities [0,1^3,4,5,6.7] are, by 
defioUt, mapped to LL priorities [1^03.4,5,7,6]. The PHY priority remapping is performed 
bekw LARQ in die protocol stack, tmd is not applied to die priority field in the LARQ (or 
(iptionaUy. 802.1q) header. PHY priority rem^;^g is not peifannedon data frames (diose dm 
are not link control frames) unless a LARQ (or optionally, 802.1q) heMkr has been added widi 
the original U-priority. PHY priority lemappingispeifatined onLinkCoe^ 
priority mapping, a station would pass die original LL priority into the driver, whese that value 
would be used to select die associated PHY priority flan die de&nh map. With priority 
lenuqjping. die default-assigned PHY priorities are increased to make use of higher PHY 
priorities that would odierwise be unused. The rem^jping fimction is simple. For each PHY 
priority P dial conesponds to an in-usc LL priority, the new priority P" to use is that priority 
inneased by the nnmber of higher unused priorities. For example, if [ 1 ,3,4,7] are in use, then 
priority 4 wdU be inoeased by 2 to 6, since diere are two higher unused priorities (5,6). The 



taMea shown in Kg. 5 la and 51b contain a few more examples, including thn A-faith f ] rto-PHY 
tianaiUtion. TTie cohmms in die tables leprBsent LL priorities hefon mapping. The left hand 
section dwws sonie sets of incise priorities, widi die ri^-4iand section diow^ 
priority dial die driver should use to e«ih case. TTie cn>as4iatd»ed entries show inai^ 
no sender is using. However, if ibat is any possibility of an implementation tending widi an 
out-of-date mapping, or sending a priority diat hasnt been included in the m^iping. dien it 
always uses die priority of die next lower valid mappmg. Consider die foHowing example. If die 
Cuirenlinuse, are [0.1,4,7). dien dieconespondingsetof in-ose PHY priorities is [2,0,4,6]. TTien 
inoease each by dw nnmber <rf misaag Ugher priorities:, 2->5. 0->4, 4->6 and 6->7. Just to be 
aaf^ the any unuaed PHY priorities are also remapped to die new value of die next lower in-use 
priority, giving: l.>4, 3->5. 5->6, 7->7. So the in-use LL priorities [0,M,7] result in 
tranaminiiig PHY priorities [5.4A7]. A cocqilete map for aO die LL priorities adds die 
remaining remapped values for die default priorities cotresponding to die unuedLLpriorities: 
LU0,U3,4,5,6,7] gives I»HYI5.4,4,5,6,7,7]. 

Now turning to die Limited Automatic Repeat leQoest (LARQ) in more detaU. die 
opeiation of which is set forth in pending U.S. Patent Application No.09/3 16.541 entitled 
limited Automatic Repeat Request Protocol For Frame-Based Communications Channels" 
which is inoorpoiBted herein by icfnnce. This is a protocol ditt 



is dun it does not g 

physical layw dmju^ fiw letranamission of fiaines. The goal is to significantly enhance d» 
usability of nctwmkstiiat may, at least occaaimally, have frame enor isles (PER) of 1 in 10^ 
orwoise. Pniiocols such 8$ TCP are known to perform pooriy when PER gets high enough, and 
odier appUcations, such as muMnnedia ovc? streaming tianspoit layers, are also susceptible to 
poor peifoimance due to Ugh PER conditicms. The protocol provides a negative 
acknowledgment (NACE) mechanism far receiveis to request die retransmisaion of frames diat 
were nuiaed or leceived with exiDO. There is no poritive KAncnv^ 

a second chance to detect miaaing frames when relatively long p?ie Cm time) occur between 
frames. LARQ functiois as an odqitation layer between die Ethernet Imk layer (layer 2) and die 
IP netwoik layer Oayer 3). It is commonly implemented in die device driver. Stations 
implement LARQ per "LARQ channel", where a LARQ Chanad is identified by die Oipfe 
{souiccaddress,destination address, priority). Stations may enable ordiaableLARQ processing 
on adiamid dynamicaDy.bniedoninfiBnatitm about netwoik frame ciror rates. However, in 
aprefbredanbodimBflt it is recommended diat LARQ be left enabled at all times, since die per- 
I qniie low. and die camplexity atsodaled widi enahUng and 



disabling die protocol Cmcloding deteiminatioo of appropriate parameters) probably outweighs 
any Ukely performance gains. Stations should implement LARQ, andiftiieydoso.dicyusedie 
spedfied control frame foimats and use die recommended prwwlures defined below. Stations 
not addiqg LARQ (or optionally, 802.1q) headers do not remap PHY priorities, and treat all 
received mffic as lieat effort", diat is, all tiaffic is assigned to Link Layer Priority 0. Stations 
may choose to add LARQ headeis on ttansmitied frames widi die LARQ_^aittx fisg set to 1 . 
TKs flag mdicaies tfiat die station does not iBiimismit fiainea for this channeL but adding ti^ 
LARQ header allows die station to use PHY priority lemapping smce die LL priority of 
successfidly received frames will be restored from the LARQ header. AU stations sre capable 
of removmg LARQ headen from received frames (d&«iiciqno]flting die original payloada). 
Rjrthennore, if die implementation supports multiple LL priorities in its receive protocol 
processing, dicm it restores die LL priority from die LARQ header, if one is present If a station 
does not implement LARQ, dien it drops LARQ control frames and it discards frames mariccd 
as retiansniissions m die LARQ header. Tlie text below uses die terms "insert" and "remove" 
when diaciissiiig LARQ headers, llie fmnal definition of die LARQ fratne foimat 
Next EdiBrtype field diat contains die origmal frame's Ediertype vsloe. In piwtice, it will 
geoeialty be die case diat LARQframeswiU be created by inserting dieSoctetsstartiis widi die 
Ediertype OxS86c into die original frame between die Ethernet headei's sooree address and die 
original frame's Ediertype. Tlie original frame's Ediertype becomes relabeled as die Next 
Ediertype field of die final frame. Tlie LARQ header CTiries LLC priority across die networic. 
The use of 802.1q headers is nmrequiEBd for tins function, and V2 drivers are not required to 
support die use of 8Q2.Iqheaden frv oonveying priority. Hgs. 52a, 52b, 52c 52d, 52e and 52f . 1 
- 52f.2. depict die LARQ Remmder Control Hsme, the LARQ NACK Control Frame, die 
LARQEncapsuhtfioDRame,dmLARQJncapsulationHeaderData,dieLAEQCo^ 
Data, and various tanna and delhdtioos.rBapectivety. LARQ is definedf^ 
logical channeb. A separate logical channel is defined for each comfamation of Ediemet 
destination address, Ediemet source address and Unk layer priority. There is no explicit channel 
setup prooeduR. A new channel is implicitiy defined when a station chooses to send LARQ 
encapsulated frames fiir a new combination of DA, SA and link biyer priority. The sdition dut 
sends such frames (nsusUy die owner of die SA. except in die case of a bridge masquerading aa 

fraines and processes die LARQ headers is a iBoeiver. there may be any mnnbcr of lecdven. 
Reed vers operate independendy. Variables and Paramcteni of die senifcr operation are set fi«tii 
inFig.53. FOTa«cnder(newchannd)implementation-dBijendBmt»iainetBm«««rfB^ 



necessary, and an hritial value for Send Sequence Nomberis selected. Tlie Imklayerpriorityfiv 
dieframeisdeteinnnedfaan implfinrntmi oo.dqir n dr mm Bn ^ 



SQlIpprioritypasiMialoi^ with packm in newer rn>]Sim|ri^^ 

stale infofinadoD is accessed for the DA. SA and link hyer priority of the fiame. The Send 

Sequence Number, tnodulo 4096 (the size of the sequence oumber 8p8ce)is inciemeDted. The 

LARQ header is built with the new value of Send Sequence Number, and the Multiple 

Retransmission flag set to 0. The Piioiity field in the LARQ header is set to the i jtiW Laycr 

{Biority value qiecified for the frame. If no priority is specified, then the priority is set to 0. A 

LARQ header (sfaoit fotm control &an» foiznat with l^QJidr data) is inserted between th^ 

S A and the Ethet^peOriiglh field of the origiiial fiamc. llie new 

than the original. A copy of the frame a saved and the ftane is then sent The r n r' " ^ '- timer 

for Ok dumnel is restaited. A save timer is staitod for the sequenxi marba. When no other 

lesooice liiiiitatiQos apply, tseadiBg station iioimally tav^ 

which corresponds to Maximum Hold Interval used by LARQ reod vera. For the send to process 
a NACK Control I^atne the priority and Original Destinalton Address (NACX^A) are 
linm the LARQ NACK header. The logical channel state infoimatiao for the Sender channel is 
accessed, where the channel DA is the NACKLDA and the channel S A is the Ethernet DA from 
the Nack control hrame. The NACK Count in the LARQ header indicates the number of 
sequence nmrAe ra reqnestedfiafretranstnissioo. The firatmdicatBdaeqoence n umba is the vah» 
' Seqiience Nranber in the NACK header, followed Iv the next (NAC^ 
numbers. For each i ndicat ed se q iieoc e niwiber staiting with the fine 

II a copy of the origbial fiame U no longer avaikble. go to the next sequence number. 

If the most recent letninsmissiQn of the frame is within ^Gmmum Retransmission 

Interval of the current time, go to the next sequence nomber. 

Prepare a copy of the original frame with its origina] LARQ header for letiaimnission. 

Cqiythe valueof die K^tipleRetransmissiK) Flag fiom the NACK beads into the 

LARQ header of the frame to be retransmitted. 

Set die LARQJUx flag ID 1 . 

Send the retransmitted ftame. 
A lelnnsiBitsian is IM sem if a leoaved Nadc oonbtd frame has an enw. If the leaaindBr tinvT 
• expire3.aRemffldercoiitii)lframeiscretted.wtthdieSeqnenoeNuiiiber8^tDifae^^ 

of Send Sequence Numberfor the channel. The priority for the Remhider control frame is the 
same as the priority for the channel. The frame is then sent and die reminder timer is not 
restarted for the channel The save timer sets an upper bound OQ bow long frames will be saved 
, by a sender for possible retransmission. If set loo long, host resources may be wasted saving 

frames that will iwver be letransinitied. This tiiijer is coiibeptually iiiqilemented per sequence 
number. Any leaoorcet asaociaiad with dK saved fnoae aie leleaaedL A LARQ in^ilementation 
requires careful attention to resource management The resounxs inchide die buflets used for 
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1), then this frame is treated as a Reminder control frame for the purposes of processing. Note 
that Reminds- control frames are ahvaysdrx>{q)ed after pn)ceasmg. in aUodier cases, the eiiQTed 
frame is dnqjped with no further pnxxssiiig. A new channel is not set iq> if the frame has an 
error. A retransmission ts not sent if a Nack control frame has an cxrer. A channel ia not reset 
(for sequence numbering purposes) for an OTQied frame. 

With legand to the lecdver nivolving a iiew seqaenoe number. If die fiaine has an Cfior 
indicated by a lonm layer driver, sneh as a CRC emv, and the sequence nmsber of the fraoM 
is anydiing other than (Coiiem Sequence Nimto 4- IX thfiidiefiaine is dropped with no 
pmcessmg. OtfaenriMy tha fnrmn i« p meM ta d ■« a It^mirMW rwitrffl fnmr If Ihf diffrlfPCe 
between the new sequence nundwr of the leoeived fiame and the cddot misrinE ffgnm rft 
nmnber is greater than (Maximum Receim Limit - IX the foUowing steps aie iqieated nnt^ 
acceptable limit is reached. 

Canod the Nack letiansmisaon txcn and the knt fiaBw tiiner fin* dw (rtdest misBiitg 

If thae is a saved fiame forttieneart sequence nuniber, then ddiverin-sequencefiames - 
10 die next byer dNwe uim the next seq^ience number with a miss^ 
(which may be the next expected nqaeoce number for the cfaanneL (Cnxrem Sojuence 
Nmaher + 1 )X The vahie fiom the Priority field finn the LARQ heaikr for each fianie 
is delivered to die next layer along with each associated frame. , 
If die sequence number is die next expected sequence number (Cunent Sequence Number -f 1} 
and the fiame is a good data frame and there are no older missing sequence numbers, tfaen the 
fiame is sent up to die next layer. If the sequence nuniber is newer dian (Cunent Sequence 
Nnndxr + IX or is a reminder for (Cunent Sequence Number + IX dien oi» or mote Nack 
oontral ftann is settiaiuesdngienmsnnssicaof dieiaisting fianie(sXTfaedestn^ 
for die Nack is die somce addiess of die received frame. The touiCB addieas ia this station's 
MAC address. The desdnadon address of die peceived fraiiieis;JM!ed hi tin. nrijj tT^l ri#H>fi Tni^nn 
address fieki (NACKJ>A) in die LARQ Nack conUQl fiame heaikx. The Multiple 
Rctntnsmission flag is act to 0. The [first] missing sequence number is placed m the sequence 
number field. The priority for the Reminder control frame is the same as the priority for the 
channel. If multiple Nack control frames aie sent, the earliest sequence number is sent first For 
each iiussing icqtieiioe nuniber 8 Nack retransrnission tiiner is started, set to expire at die current 
time plus Nack Retn m s mis s i on fatervaL For each missmg sequence numl»^, a i^^yt ftrnnr- 'i py r 
ia stalled, set to eiqiiie at die cnnait time phis Maximum HoUl taiterval. If die frame is a 
data fianiB and was not delivered to die next layer it ia saved. If die fiame is a lendnder fiame 
(or an enoted data fiame) it Is dropped. Ilie Cunem Sequence Number is dien adhva^ 
sequence number hi die received frame. 



savmg copies ofdataftjrrctransmission, die bufierssndodier resources used to rnanage die re- 
ordering offramcs to incorporate retransmissions, and the various timeia used to govern proper 
behavior and efficient protocol opendon. Saved copies of finmes are kept for Maximum Save 
Interval (default is ISO msX odier caudderations notwithstanding. The mMiw^tim nmn^B r of 
saved frames for any channel, are a function of the maximum rate that new fiames inay be 
generated. Very alow devices might usefully save only a couple of frames for nAansmiasion. A 
faigjl-speed device serving video streams migjit save 100 or more frames for a single channel, 
Senden Oiat save velatively few frames are more lihcly to receive NACK control frames for 
sequence mmiben that can no longer be retransmitted. Such behavior is inefficient, but causes 
nootlierpnildeitts. The deaoiptioo (rf collect protooid ft]riecdver<q)eatiancbannd varia^ 
' and parametett are set foidi in Rg. 54. The actual implementation mty vaiy so long as die 
behavior remaim unchanged When a data finne widi a LARQ header or a LARQ Reminder 
control frame is received widi anew eombniaiion of DA. S A and link layer priority, die receiver 
initializes state information for a new channel. The primary piece of state information is the 
Current Seqoence Number for die channel. Current Sequence Number is initialized to the 
sequence number immediately preceding Uua found in die LARQ header of die received frame. 
This asrignnient takes place prior to processirig die received frame and results in the frame eidier 
appearing to be die next expected dau frame, or d» naninder for the next expected data frame. 
Widi regBd to receiver LARQ data oriendnder fiame. die channel state information is looked 
iqi based on die BdiernetDA and SA m die lecdved fiame plus die Link Layer priority from die 
LARQ header. A new channel is semp if necessuy. If die received sequence number of die 
leceivedfiame is out of sequence, die diminrJ stste maybe reset If die sequence nuniber (before 
resetting) is old, and die Forget timer has expued. then die sequence sptt»: may be leset to die 
value of die received frame's sequence number. If das received sequence number is newerdian 
tlie Cunent Sequence Number (after any reset of the sequence number space) dicn new sequence 
number processing stqn are performed as set forth bdow, otherwise the old sequence number 
processing steps is peifonned. Widi iBgard to receiver LARQ frames widi CRC or odierenois, 
&a best periarmanoc. imp ton ent a ti ons aDow the LARQ protocol module to process errared 
frames, sudi as diose widi pqdoad CRC etvois. This wiU. hi many cases, allow Nackindi 
to be sent mora quickly once dw receiver win not have to vrait for die tract fiame to detect die 
loss. At die same time, it provides a second op p o rtun ity for detecting lost frames SI die end of 
a sequence, when a tater Reminder would be die only protection. If enored frames are used, diey 
are used only to detect a very small of missing scqueiw* numbers for an existing channel (one 
missed frarne is recotnmendedX In particular, if die frarne appears to have a valid LARQ header, 
and die frame's source MAC address, destination MAC address, and LARQ header priority 
match an existing kigical channel, and if die sequence number is (Cunrent Sequence Nund)er-t- 
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Widi regard to the receiver regarding an oM sequence number, if die sequence number 
is the same or older than Carrenl Sequence Number, tfaen it wiD genoate oo control frames, 
ahhoMflh it mav itself be dnyped. held, or aait up tn the n«t highttrhiyBr, pfwwMy ^. ^h n- 
held frames to be sent upas weU. It may cause die cancellatioo of a Nadtrettansmission timer 
or lost frame timer associated widi dial sequence number. 

If die frame is not a good (e.g. bad CRQ data fiaine, or it's sequence nuniber is older dian die 
cMest missing frame, or it has already been neodved (this is a duplicate letranaiinssion), wit is 
a Reittiader frame, then dw finme IB diDpped and ftnther pnicessiiig is skipped for ttus fiame. 
The Nack letiausinissiontiniCT and the Inst frame tiingweaiM3iJltMlfnrtlm 
If die sequence is not the oldest missing fffqimne nuniber. then the frame is saved. If the 
sequence number is the oklBst missing sequence number, dien dw frame is dehvoed up to die 
next higher layer. If there is a saved frame for die next sequence number, dien m-sequence 
frames aie delivered to die layer above unlit the next sffgitenrc nttmtwf urith » TTi mring f ranv. iy 
reached (whicfamay bethe next ei^ected iwinmirf number fortbe chamelX The value from the 
Priority field frumdmLARQ header for each fiame tsdelivered to die next layo-aking widi ewfa 
associated finoB. 

WiOi regard to the Recdver and Hatk lena nami ssion timer expiration, if a Nack 
reiransmissiontimerexptres.ttieaanodierNadccontralframeissentfivdie8Ssociai0daequenoe 
number. Ihe priority for the Nadc control fiame is die same as the priority for die channel. 
Multiple sequence numbers may be nadced at die same thiK, if dieir timers exphe at dmihir 
times. The ^failtiple Retransmission flag is set to 1 for Nack control frames sent as a lesoh Of 
retransmission timer expiration. While there is no explicit limit on the mirnber of Nack control 
frames seat for a pstticuiar sequence nuniber, it should be noted that the Nack timer is canceled 
if die fiame is leodved or if die sequence number is declared lost 

Wldi legasd to die Receiver and lost frame timer expiration, die lost frame timer is 
implementittion dependent. lib purpose is to setan iqiperbound 0^ 

before diey are sent up when a frame ia many lost if set too long, networic lesotmes may be 
wasted on NACK control frames sent fiv frames that die sender oo the channel will never 
retransmit. Fimhcr. higher layer transpoit timdi may also become mvohred. The defindt vahie 
of 150 ms ia strongly suggested as an upper bound. Upon expiration, die sequence number is 
declared lost, resulting m the ca nc el l ation of the Nack retransmission riTnfT and the lost frame 
tinier for the sequenoe number. If there is a saved frame for the next sequence number, then send 
up in^aequence frames until the next sequence number with a missing frame is reached (which 
may be dienext expected sequence number for diechannelX If die lostfiamc timers for multiple 
aequencenmnbersexpuBttdiesanie time, dien Uw timers are pvooessedinaequencefiomoklest 
tonewest Wldi regard to die Recdver.afoiget timer is piovided. The forget timer ia an 
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tmplementaliaa dependeat mecfaamsm to bDow a nodvei to met 11 
of a channel wiwi a received seqaence immber is not the next expected (Oment Sequence 
Number + 1) and a relatively long interval has expired atnce the last ftume received on the 
channd. Once expired, a recover will accept any onosual BcqnenM nmnber aa the next C3q^^ 
sequence mnnber, aDowing for ondetected resets of other stations, disconnection from the 
netwoik, etc. The definition of "unusual sequence nnmbei" is inqjlcmentation dependent, but 
geneiaDy means any old seqoenoe number or any new sequence number that is not doae to the 
cuireM sequence noiidxr, where "cloae" is 1 or some other sinaU totegCT. A one seoc^ 



With regaid to Receiver resource managenient, in geocnl, the receiver will want to set 
iqjper bounds on the nmiiber held frames per diannd and the nnniber of bdd fian^ 
channeb. The bounds may vary based on the priority of die cbannd. Timer intervals may vaiy 
based on factors sudi as the faiority of the channel, or OKasured intervals for succesafid 
letiaiisiiiissions. The description above suggests per-aequenoc number timers. This is for 
deseriptivep ui poa ea only, and does not iinJy any impleiMn tati oD nKcfaanism. 

It ahouU be noted that with legaid to the Link Layer IHotocol, there are certain 
specific fiomiaiB. Refinnig to Figs. 3Sa and 5Sb lespectively, two types aUow vendnr-^p^ 
extensions wWch may be leasooably handled by imptanentmioni that do not othenwte 
theia The vimdor specific frame f(HTnai set forth in Rg. 55a ^ 

and encapsulation headcre, while the vendor speciTiclong frame fonnat set forth m Hg. 5Sb 
allows other extensions that require longer messages. 

With n^aid to Afinima] Link Protocol Support Profile for HPNA V2 LinkProiocols. the 
Minimal Link Protocol Support Profile for HPNA V2 Link Pmtocola allows less complex 
inq iiemeotatiom<rfdieHPNAV2cfaatacte ri sti c s. While each of diecomponemprotocols serves 
an important function in the openUon of the network, it is possible to inq>lenMnt minimal 
support for some of die more csmptlex protocols that is compatible with fully ftmctional 
injfenieaiationamiddoesnotdeiiacttwmidieoivefaU pei fo miaii ceofodieratat^ 
name. Minimal Profile, will be used in the foDowing descripfiOT. TTie altemative is fidi support 
of aU the link protocols, called the PuU link Protocol Support Profile, or P^^ 
A JiCnimal Profile station can send only best effort data traffic, and treats aD received traffic as 
best effort A Minimal Profile station cannot advertise or use optional featarra that may be 
defined m the firnne. I>je to the lack of support for l^Q, a Minimal PKjfile stalitm may see 
dramaticaUy reduced netwoik UuuuglipuL A Minimal Pmfile station is able to handle all HPNA 
\^ Lmk Prtitoool frames, which ate those inadxd the HPNA Ethertype (h886c in the Ed^^ 
header of die received frame. This includes dropping control frames with unknown si^typcs and 
dMocapstdating data frames with unknown subtypes. The length field is used to locate the 
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HDodvcr Noise Reductian 

- Cairier Sense For Seveiety IMstoctBd Netwoiks 
Now twminn to the ^fHiiio sc 



eDflwdimmt wMch is parttcnlaily usdnl for scverely^fistorted netwodct is desciibed. On a 
typcal Bbnnet bus. all taps are teiminaJEd in the cfaaiatoisdc inipedanoe of die line to 
mimmize reflected signal power. Because reflections are maignificam and the signal-toHioise 
ratio (SNR) at each receiver is very high, a axapie carrier smse technique (eg. level d 
with a fixed threshold) may be used to determine when the medium is busy. In r 
netwotking overpio-mstalled wiring (e.g. phone wiring, power wiring), attenuation maybe hi^ 
doe to wan jacks and unused wire segments that are not terminated with the characteristic 
impedance oftbe wire. TlwrewiU also be severe reflections fortfae same teaaon. Ihereceiver 
SNRamayfaelow(lOdBorlowerinaomecases). hi ttUitian, the ptoblan is conqjlicated by 
the fisct that eveiy path between two stations on the netwoifc has a difGoent dunmd imptdae 
teqwnse. On one path, two stations rnayoonummicatost a high rate (e.g. 8 bitsAqrmbol), while 
all odier padis only siqiport 2 bits/symboL The implication of this example is dut the 
demodulator may not be used as the method crfcarricr sense m such a networit. as all stations on 
the network are able to dehnealB fraiiies, even diosc whose payloads ooay imt be demodulated 
doe to insofllcient SNR. Bqfimd even these oonqilicatiaDS, there is impube noise, which may 
resnh in fidse canier deteetioo with certain types of detectors. In accordance widi 
invention a detector is pnwidbd for predsdy drlBrmintng die start at a frame (widiin 1 
mictosecood) in a severely4mpairedCSMA/CD netwoik. In addition, dus detector decenmnes 
the start of a frame widi sufficient precision lo generate a charmel model widi aamall nuniber 
of adjustable coefficients for genenting decision-feedback equalize weights. Inacooidnace 
with the present invention, a preamble format is provided in which M identical co[nes of the 
same k*D-symbol quadrature phase-shift keying (QPSK) sequence are transmitted sequentially. 
This k^n-tymbol sequence is spectrally white over sn k*n-8ymboI span (has a single non-zero 
aictdar antocoixBlatim vahie). Furdier. die k*n-symbol QPSK sequence consists of k 
■eqnentially^ iausmilleJ copies erf an iwyndKd subsequence fliat is spectiaHywirite 
aytsbci tpn. totfaer. a deiBCtor ftir jaeciaely drtrrmining die end of a frame (within a 4- 
fniaoaeooDd window) in a severely-impaired CSMA/CD network is provided, biaccoidanoe 
widi the pTBsem mveotion an n-symbol sequence diat is spectndly white over an n-qnnM 
that delimits the end of a burst and enables tins detector is provided. By keeping die end-of- 
frame detection uncertainty low, the efficiency of the network is increased. 

The cairiCT sensor, for example carrier sense 1100 of Hg. 30. consists of two 
conq»nents: one which detects die start of frame and one which delects Uie end of frame. The 
caiiicT sense dreuit takes an iiqm from the medium aoceasooDindlBr^AAC). which fcrees 



NBxt.Ed»^ field m onter to d 
frames. A Mfaiimal Profile station inqjkmienls die standard HIW A V2 link hi^ 
includmg Buppresston (^UCI^ in native V2 mode. A Minhnal Pnifik ttatiaD iaqd^^ 
fuU set of rate-selection frmctions nqoiied for opastion ni both 1id2 mode and V2 mode using 
die 2h«Baad band. A ^fimmal Profile station properly handles frames widi LARQheadeis. it 
drops reed vedcoiitrot frames, b (xoperly rcriioves LARQ heatkn from data irarries. In addition, 
if die LARQ header on a data finne has die retransmissian flag set, dm die frame is dropped 
in anler to pRwem duplicate and om-of-onler frames. A Maumal PrqfiJe tuaion adds LARQ 
headen to da« fiaixw being tiansmined, settiiig die pnosity to 0 and die IJWR(2JJORTX fl^ 
to 1 mtfie LARQ hodea. If IARQIwadeisam«Ued.diea die minima] station may osepriority 
lemapiiing based on priority status iofrmnatiaa noetved in CSA messages. Ahematively. if 
LARQ headers are added, the minima] station msy use deSnilt priority mapping. A Kfimmal 
Profile station listais to CSA Camnd ftames and pedbons mode aelectkm based on die 
configuration flags recrived (ConfigVl,ConfigCcmipahTMlity,ConfigV2). hi particuto 
die union of die CSA.CunentTxSct and CSA_CuirentRxSet as die set of in-ose flags. A 
Minimal ftofile station does not send CSA Control HaoKS, and can dierefate never ad^ 
opional featniea, or use noD-fkfault imoritiea. In addition to control frarnes, a Minimal Profile 
Station only tends noiinal data frames nsing die default priority assigned to best- 
ef!artAmspecified(ps. The Link Ijqicr priority vahie for duaQOS is 0. ff die station is not 
adding LARQ headers, dien data frames ia sem using the dBtaift pbyacai layer pri 
layer priority 0. (i.e. it uses physical layer priority 2.) If LARQ headeo are being added as 
specified above, dien die LARQ header priority field is act to 0. and die station agam uses die 
default remapping function for link layerpriorities to determme die actual Physical layer priority 
to use for Link Layer priority 0. (ije. it uses physical layer priority 2.) A Minimal Profile staticm 
only mdicates LL priority 0, if any priority is indicated, for received frames, regardless of die 
physical layer priority or priority vahie in a LARQ header. In support of Minimal Profile 
«talieii8.aiiiinoradditioni»alaoneededfiwlhe CSA chaiBcteristicsforPuU Profile stations, 
station dm is not sending CSA frames, bat wtncfa is determnned tobe a V2 suoion as a resuh of 
liaffic noeived from diat station, u treated as if it advertised a default set of flags, 
iiicloding no supported options, only LL priority 0 ui use. and highest supported stittioD type V2. 
BDmenetwoikiQg Further Implemoitatian Details 

Certain frirtfaer aspects of the embodiineiits of the prcserit mvention as described in rnore 
detail below. These aspects include: carrier sense for severely distorted networics, collision 
detector for severiy distorted networia, scrambler and desctambler initialization dicuits, gain 
estimation circuit frir burst modem, rate n^otiation andiate selection algoridims. Split Winding 
Tmnsfbinier ftw Modem Ttansceiver SW Optimization, and Itamsinit Off Switch for Modem 



itau^t The dedriontogicdk^nids on die state information, per the table set forth in Hg. 56. 

Witii regard to the start-of-prcamble detector, which is described below in omjunction 
witii Fig. 59, complex samples atLtimes die nominal transmitted syn^ rate are die input to 
dus detector. TypicaUy.LwiObe2.4.8.orl6. The complex samples are generated by a filler 
which perfoiTns neariy alfilbert tranafonn on its input In addition, the inpmsanqiles are band- 
pass andnotchfiheredtoauennato noise andmteifiaenoewbiteminunanyiedncingtiiechamid 
capadty. TlwdnxtitendiodiinentinaccofdanoewithdiepieaeminvcationoaasiitBof aspect 
fiher whose coefficients are matohed to die preamble symbol sequence and a detector winch 
performs near-optimal detection of die preamble in die presence of additive whito Gansaian 
ndae. The filtet/detector is not a true matched filter detector in die texdiook sense, because: 
(l)the filter is not mat c h ed to the input sample sequence but, rather, rhit mpnt « ym^ i itftqnfnre. 
and (2)die filter includes additional delay elements tominimize the probability of a false trig^ 
immecfiatdy befoire Uk oonect slant of Imnt position. Huae are two possibiHties for start of 
pteamUedatBCtoia: a smiple. low-delay dettctor and a more complex, robust detector. Bodi 
are ioduded in the description of dm caAodfinrata below. The circuit in aocmdancB witii die 



points is less than 38 dB. Since die carrier sense function must operate before die gain can be 
atUusted. die nidnimmn a<R at which die syitem must operate i«e»lculatfri m: 

SNR > FSNRCMMiit ADC) - PAR(4-QAM preamble) - L_ 

PSNR ia die podc aignal tonoiae + dtatortion frv die andog-liMligitid converter (ADQ. which 
isrixwtfiOdB. niewQist-caaePARfrirtbepreanibleisabottlOdB. Norn diatifthe line noise 
floor is greater dtan the ADC noise -I- distortion floor, the maximum tolerated httotian loss win 
belfissdian38dB. So. die start of preamble detection function must opcMsieliably down to 
abom 12 dB SNR. Reli^le c^xration is defined as no more dian one missed detection m 10* 
actnal frames and no more than one false alarm m 10 seconds in additive white Gaussian noise 
(novaiidframes). Missed detection peifonnanoe should improve widi mcreasing SNR. Reliable 
dettctionteodstoieqaiieloagBrfiltenndmareavenging. Unfortunately, increasing retiability 
has die aidB-dEBCtafincreasing the me^umaooeas slot times. Because of die need to mininnze 
die alot time, the atan of preamble detector maycoostst of twomatched fiber deiecttcs. Qneia 
a %Bi-pass", dion matched fther detector which is used for detamimiig slot boundaries (to 
minimize die slot duration). Tlie second uses a matdied filter whidiq»ns one entire copy of 
die training preamble, for reliable detection. The first-pass detector pniduoes a "tiansmithdd- 
oer signal, which is used only to inhibit tiansmissian until die aecoaid-pass (longer filter) 
detector makes a more reliable drii jiiiiii at ion of medium state. The secondiMss start of 
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sr with aven^Dg and an average pown- estiinate to 
detennineliie start of fiame within l-ii]icni8ecoiidintBivah.llierefoiB,inaocoidai)M 
the present inventjon, both a circuit in which the low<delay a:^ robust detecton are used in 
conjunction and also a circuit in which on]y the n^nist detector is used is provided. 

With regard to tlw low-dehiy detected, it uses a filter mstdwd to the first n symbols of 
thepreamble. Hie filter coeffideats axe the first n symbols of the pieanible in reverse order, 
complex 'Conjugated, then intersperud with L zeros per symbol. If the fint n symbols are [Sg. 

a^i)], then the filter ooefEidentt are £«^* 0, 0. 0. 0; 0. 0. ... i,* a 0, 0], when L 

s4. indicates cimiplexfxmjugation of the symbol value. The hit widais,shawD in 
as r, rf 1, q, etc., are mexdy examples in one particular embodiment, and the invention is not 
limited to any particular datapath widths, "j" is the sample (time) index in Fig. 57. Note that, 
because the preamble consists of only QPSK symbols, no multiplications (only additions and 
subtractians) are required. The output of the MA block is compoted as max(Xj.x^ -I- * □]in(Xj, 
- x^, when X| is the in-pbase component of the complex sample and x, is the ^ 
component, with rounding. The output of tlw matched filter in this one c 
at rfl Ult twos-cranplemem. botother outputs are possible within the scope of tUs bivenliaa. 
AVO may be either a sin^ L*a-«anple moving avenge or a one-twle smoodiing filter with 
alpha sl/(L*n). 

Referring briefly to I^g. 58, which is described in mose detail bdow, a circuit block 
diagram is shown giving en example of an avenging dicuit for L*n e 16 samples. The 
(roughly) equivalent moving average would sum the 16 samples, then ^ft the result right by 
4 bits with rounding. Tbetefoie, in accordance with the present mventioa a circuit is provided 
that enables f^Md detection of the aiait of a burst using the fint n syiidxils of Che pieainble and 
no moh^dieaiioa opeiatiam. Tliis dlows deUnestlon of meditm access slot boundaries. 

ViA regard to tbenbust detectw. it OSES 8 filter inaiidied to the fim k*n syxnb^ 
preanible* described ebove. Tbe filter coeffioents are the fint l^syndxda of the jneamble in 
reverse oidtar, tiO nt ii te x^M^ugaled, dien intexqiened with L zens per lyiidxd. ff die fint 
symbob are f sq. s,. . . . agt^o), tfaeo the filter ooefGdents aie [s,r»<)*> 0> 0. 0, av»9*. 0, 0, 0. ... 
Sp* 0. 0, OJ, when L = 4. "*" indicates complex conjugatian of the symbol vahie. The bit 
widths, shown in the Hg. 59 as r. r4-l, q, etc., are merely examples in one particular embodiment, 
and the invention is not liitiitwl to any particular datapath widths, Similariy, the thresholds 
dqricted in the figure are ctmsidered "good vahies", but are not a requirement of the invention. 
The tfarBshokta are adjustable. The delays between the delays between the b.^ path and the 
power esdoiBtioo path. D** and D*', are used to account for the differences in group dOuf 
between die paths. If these delays an not inchided, the probaUhiy of a ftlae trigger slightly 
before die begmnmg of aftamB may be inu eased. Note thai, bixiiniac (he preambte consists Ot 
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only QPSK symbols, no multiplications (only addiliooa and subtracttoas) am lequned. The 
oo^Mt of die MA block is computed as m8x(Xt, x,) -t-M * tmnCx^ x,), where x, is die in-phaae 
compcment of the complex sample and x, is the quadrature component, with rounding. The 
output ofthe matched filter in this one embodtment saturates at r-l bits twos-conqilement, but 
odwr outputs are possible within the scope of this invention. AVGl may be either a simple 
L*k*n-samp]e moving average or a one-pole smoothing filter with alpha :s 1/(L*k*n) and ■ 
variable output scaler. AVG2 may either be a L*n-«ample moving average or a one-pole 
smood^ fflter widi alj^ B l/(L«n} and a varidite ou^ scaler. Note agdn diat dw 
filiET" in dns detector is not a tiue "matdied fiber, tiooe it u not matched to ^ 
sample sequence: dwe is no a priori knowledge of the wfae networic!^ impulse response. 
TherefoTB. in accordance widi die piesem inventiona dnantis provkled diat eoabW veiy robust 
detection of dte start of a burst using the first k* n symbob of die preamble and no muUtpHcadon 
. operatians. This enables efficient ctuumel cstimatioa (fewer coefficients), reliable detection Ol 
the start of a burst in SNKs as low as 3 dB, and acc u r at e automatic gain control. 

Referring back to Hg. 59, specific operational aspects of the start of frame detection are 
described is more detail One ospectis the start of finune detection. In uner portion 3010 die 
fiM stages of carrier sense / start of preandde detection is shown, b lower portion 3012 die 
lemaimng stages are shown. Acoardin^y, die carrier sense processing starts ai the vcppci teft 
ponicn of Rg. 59 and ends « die lower right pocdon of Hg. 59. hipat 3014 has r UtB. wUcb fai 
apKfteedembodimett is at SMsampka^. KfatiMngfUtenfeoiTehaor 3016 reed 
and filters the input uang filter coefficients which are a time-ievaied sequeoce copy of the 
preamble sequence. The output of filter 3016 is provided to magnitude ^qsaximaror 3018 and 
squaring fimctiOT 3020. Magnitude approximator 301 8 provides a real output for which on one 
squaring operuion is needeed, avoiding the need for a multipUer function. The output of 
squaring function 3020 is mput to low-pass fiher 3022. Low pass filter 3022 smoodies die input 
dwreto and providea oaqMit 2^ At input 3014 r is also fed mto an energy detection oompulatian 
vibm ma g nhwde approximatioo 3024 is pafouued, flien a squaring operation 3026. dien a 
loQgerdmadon low-pass filing 3028. and dun peribimfaig a low-pass filteriqg openiio^ 
comparable to dut (tf low-pass filter 3022, providing an ouipnt zl^. 2^ is dien put duough 
logvridim fhnedon 3032 to aDow measuring of ratios avoiding divisian operations. is 
similariy pm dowgb logaridim function 3034. The omputfiom logaridmi function 3032. Two 
tests are performed during the carrier sense computadon at compare functifRis 3036 and 3038. 
Where inputs A and B respectively are compared based upon a threshold, e.g., 9dB threshold 
inpiA into compare function 3036 and 3dB threshold input into compare function 3038. In other 
wcmb a calculation is periumBd u deiennfaiB if A - B is > dian die duesholl 
3042. 3044 are provided between the logarithm fimctioos and the coi npar e functions, hi essence. 



wiUi regard to the 2^ processing of portion 3012, die Emoodied low-pass filtered output of die 
mittc h e d filttx is compared with a delayed copy of itself, as provided by delay 3040. In addition 
.deby function 3044 is applied to the output of logarithm function 3032 providing a slighdy 
delayed inpnttoco m paie f u nction 3(ag. Widir^ard to die zhj procesaiiig.dBby fnnction 3042 
and maxhniijng function 3046 is qipUed to die output of logaridunftinctioa 3034 to provide 
a sampledmaximiim tt> avoidgettiqg afUsB trigger. Thercftincaiqwnfa^^ 
dial snMxxfaed low-pass filtered outpm is greater dian dK ^output of die eseigy detector. T^ 
aatpat of oooqiaiatar ftmctions 3036 and 3038 is dien provided to AND fimction 3040, a matdi 
if bodi iqiuts are tnie and a no match if one is not true. 

Referring now to Fig. 58 in more detail, low-pass filtering function 3022 (and its 
oousterparter function 3030) is depicted in more detail and is considered an implementation of 
an Infinite Impulse Response (OR) filter. Left by 4 bit shift 3042 is applied to input signab N, 
die output of whidi is app&ed to adder 3044. The outpm of adder 3044 is piDVided to roi^ 
die nearest hdeger fimction 3046 which provides a signal wtaicfa is sent to light by 4 bit dnft 
3048. dien to one clodc debv 3050. T1» output of one clock delay 30S0 is provided to left by 
4 bit sUft 3052. die outpm of which is applied to subtiactor 3054 dong wid) an output of delay 
30SO. Tlie value of die recursive path is dien set diereby. Rounder 3056 takes the signal 
fiom adder 3044 end provides its output to Right by 8 bit shift 3058 to provide N Irits ouq»L 
On the other hand filter 3028 is a moving average filter which takes N faiputs sums them together 
and divides dw sum by N. 

With regard to the end-of-frame detector, end of fiame detection is complicated by the 
need to avoid pmnaiURly detecting die end of a bum and die posriUbility diat diere can be: (1) 
a long na of i nn e nn ostco n sidlation points in a large transmitted ccnsteilatio n - in drif case, die 
receiver alinnptirtg to deten nin e die end of frame may be unable to demodulate dw signal 
because die aiR is not sufficient (die innetmost points are lost in ooise)umd (2) a long run (tf 
the same, or nearly the saine, constellation point - in this case, a channel with a null in exacdy 
die wrong place can substantially attenuate this symbol sequence^ The end of frame detector uses 
a short filter matched to the last n syn^b of the frame (the end-of-frame delimiter), above. 
Again, the input is complex at L times the nominal transmitted syn^iol rate. The matched fUter 
in diis case consists of L*n coefficients, which are the n "end-of-fiamc" marlur symbob, 
oomplex-ooniugBted. tinw^eveaed, andiqisaixqiled byL widi «ro-filling. The input b applied 
to die matched filler, and die output of the filler u passed into a ningmt^'<<^ qiproximation 
dicnit. ThBOutpttofdieimigi)injdBqn>nttimationcinuitissqD^ 
oa»fioIe low-^mss filter or movmg avenge filler described in die lectioas above. The averaged 
ai)iputiadKaap|diediodie8anieqipamiinatBlO*lQglO(.)fbnctioa. This output can be called 
zQ), where j is die sanqilc index. The first criterion for detecting die end of a fiame is: 
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s<j) - z()-L*p) < did.ofT 



A reasonaUc value for thd.ofi' in one embodiment u 6 dB. A reasonable value for L^ in 
microseconds b 12. Therefore, in accordance with the pr»ent mvention other values of thd^off 
aiulL*p widuD scope die scope of the present invention. If this test passes, die z(j-L*p) value 
is stoiedl snddie same lest b apfdiedoo dwLn:^ lubaeqnem sanqiles, fiq[d^ngz(|-L*p) 1^ 
dus stored vahK. ffkl efdwae tests pass, die cod of finme is dedaied. The end^rf-cairier 
detector descniied herein b capable tfdettmdnmg die end of a racdved fiame widrin a 2 
mcrececonds tntetval. and can be considered as a ciicidt that petfonns two tests in order. 
Therefore, in aooordanoe with ttie present invention a circuit ia provided that enables rqnd 
detection of die end of carrier using the last n symbob of die burst and no multiplication 
operations. This enables efficient use of the medium by keeping medium access slots short. 

Refming to Rg. 60, with regard to the first test of the eod-af-caxrier detector, it uses an 
n-qrmboi matched filter, almost exactly as the first-pass carrier sense. However, note that, while 
die coefiiciBats are identical, die dday between compared matched fiber outputs b not 2*n-l 
syiid)ids,faiitp>C2^1)fyinbob. This iire^dnd. as die channel postcunorlSI typically far 
exceeds the duration aS the precursor ISI cm phcmeliiie, powerline, or wireless networks. Again, 
as before, die datqndiwiddis are given stricdytt) show one particiilareiidMdimenL Iheexaet 
values in the diagram do not limit the scope of the current invention. AVG b dther an L*n- 
tample moving avcni^ or a one-pole filts with alpha = l/(L*n) and a variable output scaler. 

With regard to the second test, when the output of die first test goes active, the delayed 
value r|4,^is stored OntheL*k*n subsequent samples, the stored value is compared with the 
die noD-ddayedrj value. If die duLofTdiiesboldb exceeded on kl of diese samples, die end 
of die frame b deelaied. One panicnlar embodimeDt requites dist die dKLolT dnesboid be 
exceeded on' all L*k*n samples. The state diagnm shown in Rg. 61 depicts such a case. 

In aoooidanoe with die present invention, afiameniay not be tenninated until a speciiied 
point after die start of the fitsme. bone embodiment, dib point is die end of dsEdiertypefidd 
of an encapsulated Ethernet frame. The present invention includes a timer to ensure that the 
device does not renutin in the BUSY state mdefinitdy. The present invention fizrther includes 
the ability to detect a third-party collision any time the time between the second-pass start-of- 
prean^le detection and the end-of-fiame detection b less dian a specified dmation threshold. 
A "third-party collision" b one in v^iicfa die detecting station was not a transmittBr. An 
embodimem (tf die mvention optionaUy can iachale a dB fimction iiiQdeoBnt^ 
look-up tiibles, a ooaise 10*loglO(.) tdde and a fine 10*loglO(.) table. The tabks faidude 
ontignedvahieswidimO fractional bHa. An exanqitoenibodimait could be described die 
tables set forth in Hgs. 62a and 62b. showing coarse dB table values and fine dB tabb values. 
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respecdvdy. The algotidim is: 

1. x = max(A,2) 

2. Fiixl the most fignificm oni-zeiD Irit ia tbe nqwt, X. 
b. 

3. d,scoaree_tbI[bl 

4. ifb>3.k = (x~2^«(b-SXdsekBCx-2^»(5-b). 

5. dj = fiiie_tbllk] 

6. aatput'd| + d) 

The cntint in the exan^ cmboefimcnt yidds 96 dB of dynamic ntge widi op to 0^ dB 



With leganl to the end of earner detector, diere oe two sspe^ 
in iDore detaU lefening «gaiD to Hgs. 60 and 61. in Hg. 60 it shouU be noted ttaat to 
r input to nwtch/no mstdi ompot is rimilar to the correlator path in Rg. 59 without the enagy 
detection path. Since at the end of the preamble there aie four contiguous synrfiols of the tndniitg 
preamble. Therefbm, die matched filter ia nm against die entire frame looUiig for peaka. 
Towards die end of die frame tben wil] be a small spike and dropoff. Tbe flow in Hg. 60 
provides a tenodve inatditao msldi dcdsim. siimlar to that of die eoRdiatar path 
The decisira is tentative to avoidpienntDie inncation of dKfiame. Astate taacfaine^n 
in Rg. 61 Js [mivided taking in the tentative match/no match dedsiaii as shoira in 60. As 
described above. Test I is inaichAKi match. If out of Test 1 die decision is yes.diest8tepn>ceeds 
to Test 2,0. When going firanTest 1 to Test 2,0die last value of peak detected is latched, nien 
eveiy subsequem sample is conqjared agahmdr latched valOB, If afteranun^ 
it is determined that Uk signal is greater dian the dneshold value, the end of fiiime is detemined 
to be detected. 

Refening again to Hg8.62aand 62b, the logaiillmfraictions 3032 aiKJ3(^ 
above can be inqtenented using die index and vahies let fiMdi in Kgs. 62a md 62b. 
- Collision Detector for Seveiely - Distoited NetwoAs 

The collision detector design for networking on {rfume lines ia complicated by the need 
to detect collisions even when the line input impedance changes on the time scale of a 
transmitted frame. Line uiput impedance changes occur with telephonfi hook-switch transitions, 
keying, and addition/deletion of devices from the network. In addition, since die hybrid will not 
exactly match die Une mpat impedance, a substantial amount of hybrid leakage (echo) will be 
present; so, it is not possible to sinqily use canter detection as a ciiteiion for a collision «4ieo 
traiB tiii tti n g. Because die noise floor may vary substandally over time, doe to onsstdk and 
imrail sr ngjac. and became a mllidiwg rigi«l may ttw^fflyif „ f^yt -^^^ ^ 
the echo stgoal, an estimate of die noise floor is needed for optimal detection of oidliding 



tigoals. This noise e 



sinadeeidxT<fiiectlybefore the transmitted frame or during the 



cticmt ID acconlance with the present invention tncbidea three foaciional eo]^^ 
estimator, the conoepu of which are described in ooiiending 8|qilicatiaD No. 09/S85,774, 
entitled "Method and Apparatos for Efficient Determination of Channel Esdmate and Baud 
ftequency Offset Estimate" and which is incorporated by reference herein; (2) a noise floor 
esomator, and (3)a umqoe field matdi (dflicr SRCorSI+SRC orSRC+DST or SI+SRC+OST). 

In accoidauoe with dte prevnt invention a method and apparatus is provided for 
genenting a pieamUe seqince to facilitste chamiel estimatiin and noise floor estu^ 

sequence b is defined as the 16 symiials 



1+1 
-1-1 
-1-i 
-1-i 
l+i 
l-i 
l+i 
-l+i 
l+i 
1+t 

-l-i 
l+( 
1+1 
-l+i 
l+i 

l-i 



«ct forth below. 



This sequence has i 
l,n=0 propeirtydiat 



All symbols ia this sequence bekaig to a 4-QAM (or QPSX) constellation. Hie preamble 
sequence is genctated as four sequential copies of the Ifr^mibol sequence b defined dwve. 
Chaiinelestiination for the purpose of detecting coUisioosis performed on either die first, second 
and daxd copies of the preamble and/or on the second, third, and fourth copies of the pteainble. 
Throogbont the following section on channel estimation, die copies used in one estimate are 
refeiied to as the fiist, seconds and diinl copies. lespecdvdy. The charactfxization signd is to 
part of the feed ved signal used for channel estiination. This signal is defined as to second and 
dnid or liuid and ftandi copies of preamble in to lecmvedrigMl. The itta»^ 
receiver input interftce is found by simidy waiting a fixed time imerval after to start of 
trensmission (to account for fixed piiopqi»iion dda^). Refeuing to Figs. 63a - 63c to 
quantities described above are shown, assnmtiig diat to chaiacteiizaticn signal ia to thiid and 
fourth copies of to preamble sequence. 

Further, in accordance with to present invention, a method forconqwting a ctmq^lex 
channel estimate sampled at four times to ^imbol frequency of topieamble signal is provided. 
The complex toput signal ia also sampled at four tinxa the symbol ftequency erf the pacambie 
signal. Let B reproKnt to matrix of 
preamble symbtrf vahica, upsampted by four and zero-filled: 



here ()" represents to Hennitian transpose or conjugate tran s pose and where r^rtitinf 



■[;;] 



anji^ation ai a scalar elemeuL Let yj, y^ and y be oiduinn vecton of recdved sinqilesii 
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0 0 
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0 b: 
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0 V 
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oi^*ooDft,*oo,...oVoo 
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Let h be a ooaq^ 64-sample cfammd, Hzqiled at 4 dffln.the ly^^ 
A"A-64I„ 



Let A be a msdix defined M 



Hie received ognal y is given by >=AlHti, where n 
is a vector of nndom ncrise values. The goal is to 
find 8 channel estiiaaiB h which B 



It can be shown (lefetenoe Haylds) that 
sptinul channel eaitinwiiB is given 

by 



was d fatigne d to have the inipomuit pi o pat y 



w4iere \ff rqnesents an N by N identity 
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The noise floor estimate is OHiipmed over the 2^and 3*" copies of the training preai^ 
and, also, over the 3* and 4* copies of the tiaining preamble. Two noise estimwra are computed 
becaose a colliding signal that is received more than 16 symbols before or after the start of 
nansmission will oonupt cither the second cr the last copy of the training preamble. If, for 



<i-(2.Z-)-(y,-5ii) 

= ((2L>).I--A.A*).y, 

«(2.i-)(y,-i**.) 

«({2.I^).L.-A.A').y, 



example, cmly the 3"* 
and 4*^ copies of the 



used, a c<dliding signal 
a 16 








0 


0 


0 


'a 0 


0 


0 


»l* 


0 


0 


0 




0 


*•* 


0 


0 


0 i„* 


0 


0 


0 


*,* 


0 


0 




0 


0 




0 


0 0 


«I4* 


0 


0 


0 


*1* 


0 




D 


0 


0 


H 


0 0 


0 


*h' " 


• 0 


0 


0 


'I* 




**' 


0 


0 


0 


V 0 


0 


0 ■ 


'l* 


0 


0 


0 




0 


«,* 


0 


0 


0 *o' 


0 


0 .. 


0 




0 


0 




0 


0 


*1* 


0 


0 0 


«o' 


0 -• 


0 


0 


Ij 


0 




0 


0 


0 


«r 


0 0 


0 


H " 


0 


0 


0 


*1* 




'a 


0 


0 


0 


*M* 0 


0 


0 •■ 




0 


0 


0 




0 


*„' 


0 


0 


0 


0 


0 - 


0 




0 


0 




0 


0 


»o' 


0 


0 0 




0 - 


0 


0 


«»* 


0 




0 


0 


0 


'»* 


0 0 


0 


'l4* 


0 


0 


0 


«•*. 


and 




























0 


0 


0 


f, 0 0 


0 




0 


0 


o" 





and a possible faihne 
to detect the coUtston. 
The noise vector is 
simply die difference 
between the received 
sample seqocnoe (over 
some pan of the 
training preamble) 
minus the fstimflte of 
what should be 
received: 
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A Is a 128x64 matiix; and A" is the Hetmition (complex-conjugate) transpose of the A matrix. 
S^.Su aie die symbob of the training white tndmng preamble subsequence (in order), and '** 
denotes complex caUu^on.- Note that (A" . A}-* is the 64x64 identity matrix Q^) midtiplied 
by the constant 1/(2*1^. b the mvealion. L^l is 16 (symbol intervals). Writing otit y, and y, 
explidtly in tniiv of die lecdved somiMe vector y (k^ is ilw 
start of tnasndssiQn): 
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n tmns out the miliU ((2* Iqi . A - A") U impfy Ow tri-diigii^ 



So. then 



• can be nduoed 10 the f oDowing li 
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e arar vecton are S0.9 values. U overflow of any inteimediate 



with the insent invcndon, a metbod and apparatus is provided fcr the 



^*'(W-2 Z-)"^*-« Pot the fixed-point 

calculations in one 

^oposed anhoi fln imt, xouadmg is osed m die right shift (of 7 bits); die ooipiit is a 19-btt 
quantity. However, any duapaih width may be med. If ih < ifa. die t| = ij, and the channel 

die channel estimate is conquted nstog die 3" and 4" of dw tnming preamble. The 

naulting value Ti is flien clipped to be within Ti^„ and Tjj^i (die 1^ 

proposed embodinnit. both of dieaevahieaafe 9-bit "dB" valoes that aie used to contnl the 



Ifl 10* logt^Ti,) . 10*log,^tb) i> cdjthieshoId_l. dm acoIHsion is declared. Hus test wiO veiy 
larcly pass when a coffiaioo has not occoned and catches die case of a colliding signal reodv^ 
more than 16 sytnbola before or after the start of transmission. 

The last aspect of the collision detection is a umqoe field match, hi accordance witii the 
ter sends bums wMch have a uniqiie source fSRC") address, hi 
additioil, dMre aie other header aeUs which niay be tuefhl in a iniique symbol te^ 
folIowiKg secdoos, a fsefeiied eoAodiment. using the "SRC" field as die unique symbol 
mnplatcisdeacribed. However, oomhinadons (tf other6clds.ftireuiiqde, SRCanddestmadcm 
address ("DSTO. the "scnunbleriniUalization* (SI) field and dio SRC andDSTfidds. and dw 
SI and SRC fields, may be used, hi accordance widi the pteseot bivcndon. die SRC fidd is 
included in die lanplate. Referring back to Hgs. 6 and 8. die transmitted bunt (fiwae) framat 
is illustrated. "DA" and "SA" correspond to TJST* and "SRC" in Um lemanimg text The SRC 
sample template (as distinguished from the SRC symbol temphto) is a sequence of sample 
vahies at four times die symbol rate (T/4) which spans die 24 symbols {12 bytes) of die source 
d symbols of "goard" fcdlowing die SRC field. The "guard" portion 



s for die ptecDisor of the channel inqwlse re^tonae. If only die SRC field is ooiisideied 
tniqac (as in the prebned endwdinient), ttieSRC sanqde template is "i nn™**^ as dw Uaear 
coovohaionofdie g^syinbcdofdieDSTfieMdiroi^ dwfour^ndida fel^^ 
widi die channel estimate. Odier sample templates are possible, mchidiiig any trincA are 
e hnear convolution of annique symbol templme and die cfaannd tMaiimit.. , The 
e is computBd ddier from die 2^ and 3"* or from die 3"" and 4* copies of die 
preamble, as described above. In die prefci ied embodiment, the linear cxjnvdiidon is computed 
in ditee pieces, and the dneeconqxments of die tean^ilate are surnmed to produce die 
fiiat component the desdnarion nymhnl e ampmt^ , « iMmr«iteri — faH^^if (r(^?jt$? w It iti by 
63x1 0 
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'guanl" synibcd oon^Moent Is oamputed as ftdlows (16x16 matrix by 1£«1 column vector): 
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The Bource symbol o 



It is oomiiuted as firilowB (1 12x96 matifai I9 96x1 cohmm vector): 
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"Die tenqilate signal is computed as: 



yac(t).Jfc=JV.I--l...JV.L.-l 



Gi^iWcally, the template is conslnicted as aet forth hiRg. 64. 

The SRC match emv aequenoe is dWDjint die n2ixnu aeqaeace defined by: 

eOO = Wt) - (2 • U • y(k + k^ + N • (4 -JL,, + 1^). k « 0„iJ • + - 1 

The template is buib in die foUowiog onlo: 

1. initialize die tetii|toB to die iieg«rionHfdi«>iiirirtMwij4fT^fn^ 

2. add die yosr teas 

3. adddieyaotenn 

4. adddieyactenn 

ff overflow of the ten^late accunutaioroccots at any piamm dwsecalcaladons, dwn ac^ 



is declared. The size of the accumulator may vary is this inventioc. but the piefemsd 
embodiment uses M-S bits, where ris the mmiberof analog-to-digital convener outpat bits. The 
signed SRC match enor is the input to a magnitude approximation, computed as max(Xj, + 
Vi * inin(Xj, x^), where x, is the in-phase component of the complex sanq}le and x^ is the 
qoadrabite ocaupaoaA, with loanding. Refening to Hg. 65 the maniTwitm over the magnitode 
of an N*0^4l^ a 1 12 cnmoBipiit nnqdei ia ftiimd; thit is called 1^ 
between ttss noetved SRC field lanqdes and the earinated SRC field samples is compared 
agaittst a threshold whidi varies with die noise floor estimate. The datapath widths are those 
uaod in die luefeued emhodirnent, but odiex difiipitfh widths can be iinpleioBDtBd in accoidaocs 
with the present invention. If a "no match" result is ictumed, a coUiaian oocuned. In one 
cnibodiment, is an 8-bit signed value (id imita of T/4 samples) that indicalcs where the 
hybrid leaka^ is received relative to the start of ttansmisaion. It^ -f 76 samples woidd be the 
index on which the "start" signal wwld be asserted if diecaiher sense wen nnming. It most be 
writabie from the external interface. In one embodiment, the 20*loglO(.) fimctitHi is 
implemBDicd widi two 16-aitiy lookHiptdiles. aoo8tse20*IoglO(.} table and afins 20*lcfglO(.) 
tabk.RefisningtoRgs. 66a 8nd66b, the tabk set forth in Fig. 66a containa an8igned7.2valnea 
and the tride set foidi in Hg. 66b oontaiiu imsigiied 3 J valtiea. The 

1. XsfflBxCx.2) 

2. Find die ntostsigiiif 

b. 

d, =coar8e_tbl[b] 



It Dcn-zen> bit in the ii^ut, X. Call the postticm <rf this Ut 



3. 
4. 
5. 
6. 

Hie output is in 7 J fonnat. lepiesesting up to 96dB of dynamic range with up to 0^ d 



if b > 3, k = (X - 2'>« (b4), else k s (x - ?»» (4-b). 
d,=fine_tbllk] 

<MItpUt = d, -HI2 



-- Gain Estimation Circuit for Burst Mode m 

Now tnmingto the gain esttmattoi ciicait aspect ftf the present inventian, in dig^ burst 
irfcr designs, eidier an anslo^^o^gital convener (ADQ saffident to meet the 
dynamic range lequirements of the signal propagation path is used, or a lower- prectaion ADC 
may often be used in conjunction with a variable-gain an^lifier. For many applications, e.g. 
phoneiine, powerltne, or wireless networldrig, the dynamic range requiiements are large (often 
greater than 60 dB), because the path propagation loss can vary between 0 dB and 40 to 70 dB. 
To meet system requirements with die former qiptoadi, a very large and expensive ADC would 
be leqniied. Tberefiafe, designeis often choose a lower-prectsion ADC wiUi a varid>le-gaiD 
eiiiplifierandiooiec4MiivlciiciiiLlDaoconlanoewitfathepreseiitinvention,acircuiti^ 
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which estimates the lequired gain from a carefiiUy-dcdgned preamble at the start of a burst 
(packet). A preamble of M*N symbol dmuion is presupposed. The preamble is structured so 
that M identica] copies of an N-symbol subsequence are traismitted sequentially. Each N- 
symbol subsequence has the pnqwty of being spectrally white (i.e. nonzero cycUc 
autocorrelation at only one of the N possible lag values), h acootdanoe with the inventiOQ, the 
starter a buist (packet) is detected at dw leodver. lUs fUiKAitm is osnaDyief^ 
sense\ The ciicuitset forth herein takesabinaiystart-of-^aiMAio-stsit^^ 
the cairier aeiise. The cticult in sccoidance wids die presem iiiventi^ 
first estimates die nodved signal power over an N-synbid wdndow. This sobciicuit inns 
continuously. The second estimates the required gain to iTi«in^«»> signal-tiMaoiBe istio, given 
die power estimate, and the binary indication fimn canin sense. It runs only after earner sense 
has indicated die start of burst, and it ceases operation after it conqxites a gain code, until the 
next start of burst indication. The input to the power estimation circuit is a k-bit received signal 
magnitude value. This value is the output die ADC wiUi littie or no fiequency-selective (e.g. 
low-|MS8orbandiMSs)filtBihig.11iepoweraocunin]atar. which is 2*k-^Iog2(L*N) unsigned bits, 
is hutialized to zero. N is die oumbei of symiwls in one copy of die pieainble. and L is die ADC 
oversampUng factor (samiding frequency divided by symbol fiequeoey). Ihe ovenam]]ling 
focior L is chosen to be sufficiently-laige to avdd aliasing. For die fiist L*N sanqries after 
initialization, the square of eachnew k-bit magnitude value ^ is added to the accmnnlator. No 
values are subtracted from the power accumulator. On and following the QnAf sanqrfe after 
initialization, the power accumulator calculation becomes: 

pwr.acc = pwr_acc + Z^^ - Z^^^*. 

A Uodcdii^ram of a possible embodiment, in ^rtuch k = 7 bits, is shown in Hg. 67. The gain 
code opdtie is triggered by die start of burst hidtcatiaa finom carrier senseL At dus patnt. die 
iqiper 2^k tuts of the power aosmujlator (rounded up) are passed to die earn code cal^^ 
The condnrution of the preamble sttoctme snd die pcwer estimation circnrt yields a mniy^ 
constant power estimate for any less-than-N-symb(d shift of die start of bnrd indicatiaii. This 
I»operty allows the start of burst indicotion to be somewhat iiuccurate (because of channel 
characteristics, etc.). The gam control block ofostes once oa every start of burst transiticm end 
tilkes the power estimator output sarrqile (2*k bits) as its mpuL One commercially-available 
embodi m ent provides a control range of 22.5 dB for die variable second-stage amplifier witii a 
st^ size of roughly 0.75 dB, but many odier control ranges and stqi siies are possible. There 
are twoprogmunable tables and ap t o gamm able back^off value. The programmable back-cff 
vahie aDows fixed gain veiialions ^^"^ tf^i*w r tiffiihi r " T'*iii i Hri<HwF ns and also allows variations 



in the peak-to-average ratio of the received signal to be tolerated by this ciicait without 
unaccc^)table saturation of the receiver. The first p r o gr am mable table, rough_gatnjable, is a lO- 
entry by ID-lnt array of codes mapptng to very coarse gain values. In one embodi m e nt , it is an 
S-CD&ytdilB with 8-bit values coirespondiiig to gain values of {0,3,6,9, 12, 15, 18, 21, 24} dB. 
The second tsfaie, fiiie_gaiQ_t^le, is rl -entry by Il-bit ain^ of codes mappiog to a r^nement 
cf tho*** ''OWF vwhieff ■ Onf enilHMll rof nt might nwtt ft ^-vntty by ILbit ^TFry pf 'Wfjgff mapping to 
gain vdoes 0.7S dB, 1 J dB, 2.2S, snd 3 dB. The UMtit bKk-off vahie allows for fixed gam 
vafiatinis dutii^c system briiigHip and peak-to-avengentio vaiiatians. HiciDisal8oai2'entiy 
by 12-bit ^HBse fixed taihie, called the finejogjnap. vriuch maps imegeis 0..(i2-l) to die 
correspondiHg fine_ffl{tL.table bin, hi one rmbodimrnt. this may be a 32-entiy by 4-Wt sparse 
fixed table, whidi maps integers 0..31 to a corresponding fine_gain_table bin. it could contain 
die values (0, 0. 0, 0, 0, 0, 0, 1, 1,1. 1, 1, 1, lA 2, 2, 2A 2, 2, 233, 3. 33. 33. 333} in 
ascending order, as an example. 

Thft gain cnntml aalrwlatinn am he. iniiniim wri in itii!! fnllnwing nrqwir.Srt h tn rhn mtniniiiin nf 

2<^M and die 2*k-bit avenged power iiqnt vdue; Detetmfaie die Mghest nonzero bit p^ 
in b; ix. T s nnK[floaiOo^)X lo^iKfiy\'JS t > log2(i2H 

biiuindex « 2*k - 1 - r.b' « bitand(flooi(b » (H(«Z(i2))). 31);else UtUndex « 2*k - 1 - 
logi(^), b* = 1; hiq_gain = iongh_gain_tabIen>in index, step...gain s 
fine_gain_table[nne Jog.m^Ib']] ; G « max(bin_gain - step_gsin - baclc^off , O). The G output 
is guaranteed tt) be an rO-bit quantity. When die cania> sense does not indicate a start-of-burst ■ 
condition (no signal present at die receiver), G is always set to the nominal gain setting (0 dB). 
The computed gain code 

value is used to set the analog front-end variable gain value. 

As seen in Rg.67,apower estimate is provided. Delay line4010 is 64 sanqdes deep. 10 
bits in phase and quadrature conqionents 4012 go into dday buffer 4010 and into tnultiidexer 
4014. Magnitude qnirasiiiiatar 4106 provides a 10 bit output «4tic^ 
4018whiditd(esout71towidinNmding. Squaring (qterntion 4020 is dien performed topr^^ 
a power estimate as output The power Mritimtc output is provided to demulti|riexflr 4022. 
Accumulator 4024 takes the output ftom the demultiplexer 4024 and provides it to bit selector 
4026 which in turn provides an averaged power estimate 4028. 

— Rate Negotiation and Rate Selection 

As described above, in accottiance widi the present invention die dynamically selecting 
of d» encoding of datii frames on a networic where nodes can ttansmit frames widi various 
encodiitgs is p r o v i deATliemcocMngsin^ vary several parainetetsiiicluding but not limitBd to 
die nmiriien of bits per symbol, the number of symbcds per second, or dw frequency band(s) 
used. A node lecriving data frames nudces a dBteriniiwtioB about which encoding are 
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appropriate for use on die channel between the sender and the receiver. Multiple encodings may 
be selected. The data frame receiver then notifies the data frame sender of the encoding 
selections, widi an indicstion of the relative nsatnli^ of the selected encodings, via a control 
frame. The sender is free to use any of die qKdfied eooodii^ or may use one not inchided in 
die list accmding to additional selection criteria. The protocol adentes loss ot oonirol ft 



a of lost control frames widMUt excessively loadfa^ 
the network. The protocol also provides s tiiechanisin for adqitive aeleciion of the encoding to 
use for transmission to a group of nodes (a "multicast group"), hi particular, a node receiving 
data firames first gathoB statistics from fraroes seat at any encoding, and extrapolates these 
statistics to estimate the expected frame error rate of all possible encodings. Using the ^tTn«tti^ 
frame emor rates, the data receiving node computes a performance metric for all possible 
encodings. Using the petfrnmanoe metrics, the data receiving node selects an encoding for use 



Wdi regard to die Rate Negation and Selecdon A^oridmis, oonsida' dtt puket data 
networic as described hereinabove, where a series <rfpaclQCts P„ e^ oomposedofafixedleqgdi 
header and a variable lengdi payload, are transmitted from a data sender station, A, to a data 
receiver station, B. The headers are transmitted using FDQAM modulation at syn^l rate S^ 
and constellation size b, bits per symbol. The payloads are transmitted using QAM or FDQAM 
modulation at symbol rate ^, and constellation size 1^ from the sets S, and R, respectively, to 
maximize network throughput subject to additional canstraints, in the ]xesence of time-varying 
impairments. We assume that there is a mechanism fOT eiror detection, but not for error 
eomction. We also assume diat diere is a mechanism ftir B ID notify A of packet cnura, and for 
A ID lettansatit such eaoTBd packets upra leoeiving notifkalion from B. The Rate Negotiation 
andSdectionalgaritfams must opentemdynandc environments, widi time wnymgimpainnentB. 
Sevenl of these intpaimients are defined to develop the algoritiuns in accofdance with die 
present invention: 

Channel Requeiicy Selectivi^ Spectral nulls or severe attenuation in isolated 
portions of the band of interest lead to packet error rate (PER) pcrfariiiance that 
varies with symbol rate. While we assume Qiat die channel is quasi-static, (fixed 
fin- die duntion of several transmitted paekats), it may change between packets, 
P.. 

Time Invariant White Noise: Noise at die iiqiut to B width has flat Power 
Spectral Density (PSD) over the bsnd of imetesL lUs i mpak ment is also quasi- 
static. 

Time Varying White Noise: Noise at die iiqiot to B. which has fist PSD over die 
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band of interest, but with level chmrgmg between padcett, P,^ oo a time icale 

feiodScbnpulse Noise: Periodic high ampHiude impuhea nt thn Hiput in 
Q>lored Noise: Noiae m the input to B, which bu bequtiicy^dependem PSD ow 
thebandof toteicELThiB impainDcmmaybe eitharqoa$i<6tatic, arvary Qo atiine 
scAle similar to the packet dmtttion. 
Tbe process of selectiiig (s, .b|) is GCpanted into fuDcdons pe^ 



Algmiilnii, to dwose (auMi» b|^Mbi^ B (i>°s<Bii* Kate 
typically aang (s^ b^ to sigBal ching^ fai (i^iMMi 

treated the san» es data fiatnes by the MAC layer. They may be aeftt fit a different priority than 
best-effoit data frames to provide fester adqitatioo. RRCFs are sent v/ben node B selects a 
desired late which differs bom the current rale, with some backoff algorithm to prevent flooding 
the netwoilc with rate ctumge requests and to allow time for rate info to anive and get processed 
at A. Various backoff algaridims may be employed iDClQdtng:(l)tiuncated btniuy expoDcmtal 
backoff (BEB) with backoff based on received frame count, (2)truncdBd BEB with backoff 
baaed on tioiB weiglited trnnrntrd hafiltoiT (bMcd on received frame <v^fnt or tinie) wbeie the 



be ■ biiuiy exponential function. 

Rate Selection refds to the algorithm whidi B chooses (S|,4a^ bi^cM)- £>ch 0^ 
algorithms presented use some or all of the following input statistics upon receiving packet ?,. 
(squaied etror lefen to squared coot refers to squared decision point errtff): Header rate. 
(s^b^> Jfcader cnor indScattg. e {0,1 }, O indicates eiror-fnce header, 1 indicates header 
eina; Header sum of squared eoor, Header maximum squaied euor, E^ , ; Header length 
symbcds), Payload mes. (S,. Ptqioad cnor indicator. 3^ € {04 }, 0 indicates codf- 
feeepayload. l in dica ii espajto<deiioc;Favlondiamaf iquatBdcccr. e^i:P wlo«riinOT 
squared oror. E^Pa^oad leqgth (syndxdsX n FSE power for eacb ayndwl latB in S, P 
,BB^ and Nonnalized.per-Byiijbol ISI nowcr estimate fiareadi wndx^ ntein S. P ^yi. Given 
these input statistics, eadi algorithm maintains state variables, peifaiming computations based 
on die inpm statistics and state variables, first to select the new desired constellation size frxnn 
foreach symbol rate in S, then to select the new desired symbol rate from all those in S. Two 
algorithnis are presented, requiting different anxMints of state storage and caii^iutation:(l) Mean 
Squared Enor Algorithm and (2)Maxiiiium Squared Eiror Algoritiun. For the purpose of 
oonstdlalion size setectioo. we initially assume that onty a single syndiol rate, a, is under 
oonsidentian, and that a,s X for all i. 



mgeiHfiMitmi, ttiwrring rmw^Hari^ tllnl■ 7^ jm j yf ^^^^»l■l ^ ^lJ■* nh|w^ tn mp^ jipim packet, 
maxiiBnint'iiKcoiMiiiiiii. If was»iiiii6iliai:piriidaliy of iytiibdcnigisiiide^ 
•ymbol to ijnDDbol, hence: 

PER{SNH,b) B 1 - 0 - SE»(SNR.6)fS* 

)>ni8xiinnmpocketlaiglfa(Uts) 

SWRggytDboldedsiop point ajgnal to Boiaeiatio,noinMliz^ 
symbol energy of constellatioo size frfdative to CI 



Nolle is additive, wfaitB. and Gaussian, benoe: 



Sm(SNR,b)B 



lQ U2^} t^'iQU2^} fr=2.QAM 

iQ(V2fflVR-8tn^)) &=3,PSK 

i-f^-2-Q(j3'/^Sm'^ &>3,odd,QAM 

l-^-2-t-^)c(^/^ -fflV/f)/ 6>3,eveo.QAM 



(see J.G. Proakis, Communications Systems Engineering, section 92 - 93, 1994). Then we can 
precompute 5NR thresholds, SNR ^ JoreachcroisteHation size b in R, such that: PER(SNR,^ 
m FEE(^ HcooB. PER < FER^i for 5NR>SNS«b^ is monotonically increasing with b. 
However, indK event thateithcr die mdepeodentSERassunqitionortiie while noise asson^on 
are invalid. SNR.!^ is conqnted by difieiett ineans. sish that FCR<SGRm 
SNIt>SNICfc Following each ieoei¥edpadDet p,. with enor-fiee header, = 0, andeI^)^ 
fiee payload, X,i^ & 0, an SNR estimate. STQC^ b coiiqnted. A sU diiig-window aveiage of 
N is used to bound m ax immn response time to NrecejvedpaCk e ts. so state is needed to store the 
last N • 1 values of and 



where ^t,^ ia die mean energy per symbolforcoosteiladain nze^i^. 



If the implenieotation is ineinofy constniiiBd, a aini^&fcde average is iiaed 
d to store the last value of the enor avoqge, €4-1: 



and state is only 



HrM-HD 



where T is a time constant describing the weighting of new naeasurcmentsnidie average. Note 
that die iB^ilementation above inherently weights payioad measurements more strmgly that 
header measurements, in cases where it is desirable to {dace strongBr vtreigbt 00 header 
inea s u ieiiiC Bt s, tfie foUowiniiaubstituiioiM are made for n^^ andn^^^ ^; n'^ > ik ^ a n d n',f^j < n^ (. 
Note that the power and i md ti piy ope r at i o ns ijbovB can be implmientfri widi a lowexaoco^ 
fixed preddoD appnacfa, without aignificant petfommce inqncL FoUowixig each received 
packet P,, SIQ^ is compared to the thiBdiold act SNS^ to dMOse Ob new consteliatin 

» nMxfel subject to SNR, > SNR^f. + A 
l>K,t^ " ^(P\ Vct^i^ > SNR^ 

The offset. A, povides dedsiosi stability when SKS, has vahie near a tfaredudd SNR^^ 

^ih i^ard to tiiB Maximum Squared Emor Algorithm, enor tales of omdidair 
consteUatuios an estiiiuud, selecting the constellation to niaxiniizo tfaiaii^ipQt aobj e ct to 
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minimum percent improvement constraint. Assume that a symbol error occurs for candidate 
constellations size b, if the decisioa point error exceeds half the constellation minimum distance, 
dg^. Also, assunK that d^^ is monotonically decreasing with b. Given a aeries of n,syinbols 
tiansmitted tising constellatiQn b^ Witt error indicator ]b a 1, we can declare tlm at 1^ 
symbol enor would have occuiied as wdl for n, syinbcls transmitted nsfaig constcllfliioD b 
Given a aeries of n, syixdxib tiaasDuttBd osmg constellation b|. witii tnaxiso^ 
and enor indicator X > 0. we can declare whether at least erne symbol enor would have oocuoed 
instead for n, symbols bansmitted using constellation b > bi, if E, >( ^ y. Ihu^ 
symbol eimrs are "observable" for candidate constellation sizes b^b,. Following eadi received 
packet P„ die average payioad length estimate, N is updated: 

ifX*j= 0.andXpMj = ^ 

N,=N„»(l-lrt>Mi^-bi-l/t 



in the a 
Z,^ is updated for all 



N, =N„ 

where X is a thne constant describing the weighting ci new 
Following each received padxt p^, the kngtii-independcnt 



for b=b^ 
Zw-r(l-X)+X wheoE^, 



Note thai Z,u cannot be Updated when ^ = 1 if we assume that the healer contains the packet 
source address, since B cannot be certain that p^ was transntitted by A. Thus, Zuj is actually not 
observa'ble for b = b^ Next, the conditional length-dependent success rate, and the 
coiiespcnding average measuiement length. I^, for observable constellation sizes b 2 bk , are 



lzui-,(i-X) -o««»E^^ ^H^y) 



2jw *2,w-i 

Next, the vggicgBte iQooess ntB estjmsiBi is CQiDpot^ 



Next, tbe collected tinK-<ni*ios(linni inetnCi M is coiopiited: 



«4iae p is the iventgp IMCket ovcriiead in Kccmds, m 

dmation, and a is die lymbol rate under oomidenticn. Note diet Vz^, repreBents the avenge 
number of limes that a (wdoet mnst be transmitted until it is soocessfnlly received, assuming 
cadi packet bieoavedsuocxssfuDy with indepeadmprobdiil^ Also, die second tetm in 
die expression for accounts for the tone occupied by letnnsnussKn icqiwsts to A, 
aasoming a synunetric probability of success. While diis aasunqidan is not strictly valid, d» 
irtransmisrion tennis simply intended to pmivide stronger depe n d e nce CP in the esse ^rtie^ 
yshat,(^^ - p). Next. die hdd county, is updated: 



jo whereAf»,^^-A^>Af^, 
K*4+> »*weW4j<j-A^).Af^j 



change RnsUyjihe new coiMtellalioo 



pCT/DSoi/ioan 

pereent improvement in thrai^^iput required to justify a n 
size, *«im„ii,|- is chosen: b^i^M " 



Mw = (My ). subject to hw^lW 

«4iere is the minimum number of consecutive packets for which constell^on size b must 
provide at least A,,,,^- peroent improvement in throughput to justifya rote change. 

It should be mited tint decreasing the tiine constant, r, decreases the tcsponse time to a 
ttep dhtagt in tnpnt. but al» decreases theefTective maximum, measurable, noo-uniiy value of 



Ifit is assumed that applications pofom poorly with PER greater than PER_„, t is chosen large 
enough to measure the value of interest, 1-PER,„. Thust - ^^^^^ . Setectingtby 
this method for imsll PER„, can lead to an unaoceptably long response time, on the order of 
hundreds of packets or more. In this case, the sensitivity to PER can be increased while 
mamiainins a shon Rsponae time, by using an 'effTective' constellation minimum distance 
instead of the actual minimum dfitannfi described eartter "^humin i ° Since Zj^ is not 
obi ei v ito lefBf candid i i e ct)i wtclUl ri w tsiMsb<b|,thciB are stwiecoitibiiialitms of past input and 
concnt input that prevent the dnve algoritlun ftom selectiitg b < b|, even thoqgh higher 
throonfiptit would be achieved. Tins is not die case when die cuirent impairments are tion- 
impolsive, bucx these imputments can still be observed via Z^. However, if the cuneni 
inqiatrments are impulsive or interaiittent, they are less likely to occur during a header, and 2^ 
«rill be lasgely unaffected. Under these conditions, b^^^ is not likely to change unless enough 
payload errors occur to reduce Z^ for the observable rates, relative to the unobservable rates. 
Since many ai^lications are sensitive to bursts of consecutive errors, and a burst of errors is 
likely to occur before h,, changes by the above mechanism, it is desirable to enforce a 
tnaximufflttdeiated number of consecutive payload cnots, after which bi^i^ is set to b^ A 
iiattinl dwice for b^ is by^ renderixtg all b in R observable. More generally, bpi^ is chosen 
to be b^j^i«-K, allowing a varitUe number of coimellation siaet b to become observable. Then 
b|^^^remauis set lob^^ until a miromum number of packets are receivod using constellation 
size b^. After this condiiion is saiitlied, i»,^,„, is selected as described eariier. until Ihe 
roaxinami ttdeiaied number of consecutive payload errars is next exceeded. While b^^i^f can 
be dropped to b^gi, to refresh statistics for previously onobaervable rates, this can actually tcsuli 



in a higher PER in (be presence of impaiimBntB such as periodic imp 



e. bstead, protocol 

stq)pon for "probing'' with control packets can be usol to refresh statistics witbom risking data 
packets. In dus case, BcouM compute an altenisie version of die metric MKi< substituting uni 
forZftj- UtiscottStinites an optimistic lower bound on M^. When the optimistic bound on 
is snfGciently less than ^bj itself, B can request that A send periodic non-data-beating probe 
eowtiol pnclcafti » tpeeifig lyuMteiiMinn rim, li^^ Again.anatunIchaioefiarb^iBb^. 
Alaoof note is that die time on medium metric may be wiwpulad after icvend received packets 



Since the channel resp ons e . FSE and DFE cocfBdents, and noise level may 
v.\Lis 



vary from packet 



^^di fl^iudto Syuilxd Rate Sdectim, the asstnxQition that we are constnmed to asu^je 
symbol rate is relaxed. Assume that B demodulates packets frmn A. using theMMSEFSE/DFE 
structure depicted in Hg. 68. for a given symbol rate s. Assuming a fixed channel response, h^, 
fixed MMSE FSE and DFE ooefBcients for a given symbol rate, w^ and b^. and additive white 
Gaussian noise, Uk, die mean sqtiared enor expected for symlxri rate s, MS^ is related to that 
expected fcv symbol rate MSEa^, as follows: 



where: 



Puithernxire, the maximum squared emir over a set of n, symbols expected for symbol rate s, 
^j. is lelatndmtbtt expected for symbol lates^ B»^.i asfbllows: 



amiE^ is the rneanmergy per symbol fa constdlat ion size 



With reganl to the Mean Squared Enor Algorithm, the method far computing SNR, 
earlier is lepeaiBd . bm wid) die following Bubstitndon for 

i>U4UcM> " <lBSCrihed eariier for b ^^j^..^ is chosen, but indepe n de n tly fbr each ayndml rates 
in S, using the following substitutian forSNR,: 

Faragiveasymboliate8>s^if5KR^ ^o^forall binR, dwnb^^MAM ^Oisset 
RnaDy. Cmm. hb4Mt) >■ 0<m« ■> fbllowK 

S...^.a£.«iiehtfMlnh....^.._.ntnMfi»t> . . . . .\ 

^*UiM= b.^^,,,^ with 8 - St4^AM 
With regard to the Maxinuun Squared Eiror Algorithm, instead of computing Zg^,, 2^, 2^, M^, 
and hu, for a single symbol rate s as described earlier, Z^^, Z,,^ ,. M^„,, and huj, is 
oompuled for all s in S. The primary diCGeRnee in these fMwwp«r«rinff f (bat tfie following 
substitutions for and E^ are made: 



RicilKratne, Uie definilum of "obKrvaUe" is expii^^ 
the oomlUri*! b^Jv 



NotttfaatdnseondhiciDRdiicestob^b^ wiM«« = «. h is chosen as deschbedeailier 

fa»VL>*ii.botiiidepeiidai d y for each syintwlnte 

in plice of Zn> Zm. ^ and iH^ Aiklttiaiial iMld 
8 in S are now updilBd: 



-I' 



VmihrJa. ..^. , b)^,^^ is chosen as folkiws: 



= i, such that Af = imi(w.j,^j ) subject to i ^ 



In sccordance with tbo present mvcotion, bolh tJic Mean Squared Error and Maxnnum Squared 
Enor al g oiit l ii m ms likely id petfonn well in dw pr e aence of qnasi-static cfasnnels and white 
nine. Sinoe the Meai Squared BnorAlflodthm aaatmM quasi^ 
perffanxis wdHn the pfesence of Time Invariant White Noise. 

in the picsenoe of Time VarymgWhite Noise, rioce tbenoise level vanes on the same tine scale 
in which it's measored, leading to high variance in the estimate SKRj. aiid high 
chosen rate. Since it discaids packets with paytoaderracB when campoting the estinmte 
it also poforms well in the presence of high level impulse noise, ignoring measurements from 
packets oroied by impulse events, and choosing the highest rate sustainable given the noise 
floor. TUs feduces die likelihood with which an individual packet is exposed to an inqnilse 
event However, petfonnaooe is more ambiguoos with moderate level impulse noise, sinoe 
moderate level impulse events may oocaaooaDy bias packet me a s m onc o ts without cansing 
enm. lids leads to greater variance in the esiimaie TFOE;, and greater 



me. Ferfonnance is also likely to be poor in the pRaenoe of Non-Gaussian Ncise, if the 
algorithm assumes Gaussian noiae. and caleulBiet the ifaresiiolds SNS^ actoniiQgly. if die 
threshold computation is genetslized to use a mne repmaentative noiae dislrilmtian. 
perfomiaDce could be improved. Since the Maximnm Sgoaml Brmr AlBwrHtm ^ «hi,fj, 
observe the length independem Zu^ it perfonns weU in the presence of Tins bvaria^ 
Noise. PferfDimance is likely to be good in die presence oTTmie Varying White Nm^ 
Z,^ and 2^ diin^y nacasme die likelthood of high noise levds, even as the onse level va^ 
rapidly acnas a range of noise levels. The length in depe n dau measurenwnt is lar^iy 
miaffBcted by impulse orentB. shice it is collected finmi headers «^ 
medhmL However, die latgdHtepeadentmeaa uieu ie m Za^ is directly inflmiced by em>r 
causing inqadse events. Togedwr, the agp^ale success rate estimatB, ^ , and die limB on 
medium metric, M ^ vuf^ die benefits of mincing time on mednm and die expoame u 
impulse events, against die cost of being more suto^tiUe to diem wben tiiey do occur. Thus, 
die Maximum Squared Enur Algnritimi performs weU in die presence of bodi high and mocfc^ 
level in^ralse events. Unfortunatdy. due to die problero of umdwervahility. 2^ can becons 
inaccurate under certain conditions. These cases are addressed by the burst enor Kmiring 
mer J iani sm inHodnced eartier. Tbe Maximum Squared Error Algorithm pafuim s well, 
it measures packet enors dtrectly without a««i«mng a paiticaJar noise distribution. 
- Sfdit ^^nfiiV l^ansfbmxr for Modem Tnnsceiver S/N OptiinizatiaD 
Reftningbacktodie Nm anak)g &am end shown b Hg. 4b and aporttoa dioeof 
in Rg. 69. in accordance widi diepreaentfaventiop, aspUt winding U ausfo nun widi tnmsralioi 
<q>timized for maximum transceiver signal to noise ratio is provided. More broadly, a spUt 
winding trsnsfarmer usefid in a modem qtph'cation is provided. The transmitter output signal 
level for typical modems is nominally fixed widiin sontt guardband of die FCC or other 
regulatory agency power limit TTie si^ial level at die receiver input, however, is highly variable 
depe n ding on die cfaarmd attennation in the path ftom a remote transmitter. ConseqiKntly, the 
ideal Hiie isolation t nm s lioiiii e r turns ratio fcom the transmitter ootpm to the line of wtl^ 
optimal for die receiver. At a modest additional cost of an additional tisnsfanrKTwindmg, die 
turns ratios for the tnnsmitier and receiver can be set independently, while stiO allowing for 
hybrid echo cancellation. Since the receiver iiyit signal will nausUy he leM thaty qip t nmtnif tta- 
output signal, the optimal aims ratio is wcl fimmmput to line, where wr>wt This step-up 
from the transmitted signal provides a "noiseless* gain that enhances die achievable receiver S/N 
ratio. The m ax imum sqnration between wt and wr is limited by the redaction in coupling 
between tiansnnit and receive windings that occurs for large diHietenoes. This intitiduces phase 
shift diat compnimises die efiieetiveness of common echo cancellation schemes. Practical 
numben for die wnwt latio are finm 1 to 4. Mar art voicdnnd or ADSL roodems do not ta^ 



advantage of this technique. In tbc case of ADSL, the situation is pailicularty egregious in that 
it is common to use step up transfOTmers from modem to line side in order to boost the 
transmitted signals up to levefat required for long distance communication. This means there is 
actually attennation of raodvedaigals. As can be seen in Hg. 69, fitetfti ^ 
omnponenta 445, typically includng filterfprotection compoocnts 451 and transfoinier 453, is 
coiqiledin dieTransmit andRecdverpadis 495 and provides, farBua^'IXpadi4SSaiMlRX 
pad) 457 to be coupled to TIP and RING of Pboneline RJl 1 c«nneeln4S0 dmngji tnnsfbnm- 
453. Wtl is transmit winding ratio; Wn 1 is the receive winding ratio; with the refere n ce point, 
the twisted pair line, being 1. Transformer 453 couples the TIP line to die TX signal path fiom 
electronic hybrid 440 via wtl windings. Transfcinner453 likewise couples die RING line to RX 
signal padi via wnl windinga. Ibetcfare. in accordanoe with the preaenl invention, a wniiii 
aignal on die line being received can be stepped up, while on die transmit side on die ad^r hand, 
a steering down can occur. TbcBefare in accordance widi dw presem invention a Wr of 2 
provides a 1 to 2 8tq> up, vddle on die transmit aiife a Wt is 2/3 would, in essence pmvide a ratio 
of 3 to 1 between the Innsimt and recet ve transfarrner windings. As set forth in Hg. 69 common 
core 459 is provided with three windings thereon, namely tipping winding 461a, transmit side 
winding 46 lb and receive side winding 461c. The transfoimcr is therein qptimtzaUe to provide 
the best signal to noise ratio for die transceiver. 

- Transmit Off Switch for Modem Receiver Noise Reduction 

Refening ^ain b^ ui 4B, in acconlance widi die present invention, a nMbod for 
eliminating or ledncing die ooopltng of transmitter noire into die lecdver of a modem during 



typically leaves die itanamittBr connected iiin-time to dw hjteid and transfmmer devices 
performing 4-wiie to 2>wire conversion from modem to line, even though it is not Krtive while 
a signal is bemg received. I¥om a signal penpective, diis has no consequence. However, die 
noise contribution from the transmitter ouqnt to the receiver input can be significant m a low- 
power signal environment The addition of sinqile switch 43S(e.g., a two transistor transmission 
gateio CMOS technology) between die output ofdietransmiiter(e.g..filter430) and bybrid440 
teducea noise injected at die receiver input and dnefuie aubitaniially inqirDve lecaver S/N 



catia Activatiao of tlie Bwitch can be fawoipanled iiiiD an automatic gain contipl loop widi the 
minifflimigaincoiitiDl aettingcausiiigdiB switch totimioff. Abemativdy, aq^^ 
code can be assigned to activate die switdi, «4iich can dwn be turned off (disaUed) and on 
(enabled) fai a directed manner. 

As can be seen in die typical N© depicted in Hg.4B. eksctronic hybrid 440 feeds signal 
from dw mnsmitter back in» the receiver. VGA 470 has two pain of inputs, one fed back fiom 
the tranamitter. the odiera lecdve input fmm Kwt infi. Any n g pinl /•-nnii'* e «« wffiwi t mwnit tTT 
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causes a self^scho padi (e.g., dirou^ the transfonxKr depicted m Hg. 69) rato flic receiver diat 
should be suppressed, such tiiatdw receiver does not get confused as to whether such self-echo 
is a signal comiiig from line 106. Noise also can get injected into the receiver &om the 
tianiiuiuii^ side, even during times when there is no transmitting, since the electrmiics 
g padi can contribute noise, even when idle. 

1 the preaent inventioo, when the tmsmitiBr is not 
transmitting, tnmsmitroff 5w^ 435 provided in die tiansmiitii^s padi. is switdied off dKi^ 
blocking ndse from gettmg injected back into die receive padi which would deteriorate receiver 
peifoimance. As can be seen in Hg. 4B. in the preferred ensbodhnent the switch is located 
proximate to the end of the transmit path, i.e., just before combined electronic hybrid 440. 
Vmce Implementation Aspects 

Given the Homenetworidng implementation aspects of die present invention inscribed 
above, we now mm to voice implementation aspects associated dmewidi which include 
comepts hivolving Vofce over IP (VoIP) packet latency on Hamenetwoiking LANs, timing 



0 dnadt. VoIP Head of Line (HQL) bloddng solution 
implementation regnirementa, and collision signal slot assignment 

The desire to create quality VoIP service springs from an initiative with several pwic , 
including die reduction of the cost of maintaining carrier networks by switching from a circuit- 
Bwitched to a packts-switched model and by allowing voice and data' to share a common 
Infrastnicturc. Existing cable providers see this evolutionary step as an opportunity to provide 
new voice services in an effort to expand their core businesses. Existing voice canien recognize 
die dneat«rf potential new voice service providcra and widi to meigedieirvoice-netwo^ widi 
data netwmka in oRler to remain competitive. ConsomenwiU expect dieae changes to result 
in ifaedelivety of at least an equivalent of their current voice service a reduced cost hi mder 
to satisfy die demands of all interested parties, die piefBned outcome of die V^ initiative is 
to provide voice calls of a quality which is at least equal to that delivered by today's cticuit- 
switched networks. The quality of a voice call is affected by at least two metrics: (1) audio 
fidelity and (2) audio delay characteristics. Audio fidelity of packetized voice is affected 

. Among diem are: (1) Choice of codec - in general, the lower the 
n Uie codec, die hi^KX die mean opuuoo scare (MOS) of the resulting 
playback, and die better dw perceived speech qualitr. and (2) Lost sanqdes dne to congestion 
and itansmiBion com and excessive padi latency- lost samples resuh in distorted speech and 
odieraodilife artifaciB, as wdl aspoordmwghpotforvolce-^Mnddateeqoipi^ 

Audio delqr m a VoIP ^siem is detecnined by tfK summation of die in^vidual delqn 
diat occm widun die total communication padi for die call. Hie padi hiclndes codec delay, 
P»:kr ti 7 « ti f «delay.LANqueaingaodtrans ni isa io n delay, IPnetwoik queuing delay, processing 



8adtransmiiiionddiyi,&r^I>N<ld«yandfinaUy,de^ Whendiiitotal 
cfelay eaueeds dwot 1 SOinaec one^yi the pered vBd respoDse tin^ 

tends lo exceed the nonnaUy expected humzn response time. As a result, qxakers tend to 
become impatient and repeat themselves and inadvertently interrupt the other speaker. The 
result is geneial amioyasce, confusion and frostraiion on the part of both speakers. Anyone 
having made an international call throu^ long transmission links may have experioiced such 
behavior. EEoploying stmplex-cfaansel handshaking (i.e.. saying "togef to indicate when one 
b fioiahed qiealdiig and awBitii« a reapoDte) is im an acoqitd^ 

Rcfennig bode to Hgt. lb and Id. the cable iietwoik cmi be a IXXSIS li^^ 
oomideldy tfzuctmiDd ttme petiodk. Tte CaUe Modem Teamnadon System is ententiaDy a 
"masiBi^ onthe caSk netwofk anddictates l» the varioas cab2eim)deii» Csl^ 
exactly whose turn it is to access the cable system network and when, thereby avoiding 
contention. The operation of the Cable Modem Tetmiiiation system in conjunction with Cable 
Modcm(s) is described in the aforementioned patent aj^ltcation incorporated herein by 
reference. However, the shared HPNA network described abo^ does not have a centralized 
master who is dictating timing on the netwoik. The shared home networking uses the 
CT w lo iiriMf i ro procegtOMrtouttfaeaccesgi^ 

tnfnc(e.g., v(^}to iniaiiiiize the tioie it takea for a voice packet to make it from fine end of 
the cable to the oUKf. Tfait is nece isai y to presenre dw qoafity of voioe, otherwise there tie 
digRoilties in comimmiawfT>8 over ftetelqjhone. When the voice pacto 
necessary to transfer it fiom die gateway to the handset, and deal with die other devices 
operating on the home network (e.g., PCs, printers, etcX aother handaeU for that matter which 
may have multiple calls cqienaing at the same time. 

Aoooqilete VoIP system indudcs the IP backbone, service provider headend equipment, 
a local deliveiy networic and finally, a home distribution network. Referring briefly to Fig. 70, 
tfieiQ is shown ■ di«giim of the networic inchiding a idondity ctf POTS phanei 2016a - 2016c 
(widi on andog eonneetion to respective conveiter devices 2017a - 2017e which oooven Ae 
analog calls into samples and packetizes them for sending over die networiL) and an HPNA VoIP 
phone 2016d (a phone with an HmA transceiver boilt into it). Hie coDvoter device needs to 
operate ai the precise SkHz dock «1uch is described through the piDtood in axcnd^^ 
present invention. In addition, if samples eie being continually taken at 8kHz, an issue arises as 
to at what point is a set of those sauries taken called a pttket and started being sent TUs will 
relate to the cable modem system network whidi has adeterministic transmissioa algoridun such 
that the CMI^ (headend) ^)20 win dictate to aU of the nod^ Slid process gianis assodated with 
leqoesti fnim die gron^ of homes haviftgthecaUe pttodena. The headend sends a single 
out that describes which home is ncM in the rotatkm in tenns of being able to dehvff 
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Thegateway 20188011 up with the head end the fact it wooU like to get die ]XX:SIS unsoUdM 
gnms (at IQnueeintBmds). Tlw headend assigned the maolictedgnmts. Ho^^ 
on the HPNA LAN are not privy to the mfonnation that is being tnnsfened back and faith on 
the DOCSIS netwoik. As such, the devices are not swaie as to when the giants occnr. A packet 
synchronization mechanism is therefore needed to deteiminc when the giants occur on the 
network and then tell the sample framing to set up the set of saiiq>les so that they can be sent on 
the HPNA network and arrive just in time fox the grant received by die home gateway. In 
essence, die grant infarmfltion is obtained from the cable modem, delivered on the HPNA LAN 
nelwoiktotije sppropriate node (each node possibly having a grant on the DOCSIS networic 
having a (fifEBitmt time placement). Once the individnal nodb has its hidividual infonnanon. it 
thentakesastiBamof8anipleaftomate le phoMe(e.fr.eveiyl25usecaood»san^isohtaiitfd. 
«4ierein 80x 12Saaecis lOmsecX Aset of 80 contiguous sanqiles is neededtobeincked at some 
point in time, and the converier node needs to underatand when die grant needs to have the 
packet at the cable modem, and dten sonte tinw back from dwre the 80 sample packet needs to 
be dehveied to dw cable itKXlem via the HPNA LAN such that when it gets to the cable moto 
it is not too laic f«- the grant. If it arrives too late it wiD have to wait for die next giant, which 
is lOmsec away, adding another 10msec of time it takes to get across the entire network. 
Referring briefly to Fig. 7 1 an upstream oimsmission of a VoIP frame #N is' seen. This indicates 
when the 0nnt aiiives. Anothor grant occitii widi a l(tesec time between the grants. The^^ 
«iiat is needed is a detomination siKh that the oonverter frimies up die sample far enou^ back 
in time diat it will be sent along the HPNA network hi time to xeach the grsnt Hie present 
invention provides such a dctcnnination. 

•> VoIP Packet Latency on Home LANS 

It is dKvefoie important to minimize the latency of packets traveling over die network. 
U also iiiipartant to minttnize the variaiice in the tittung of the sanqiles taken at one eiid and the 
play out at the other end The present invention achieves bodi of these objectives. In accordance 
thetewitfa, fiame sUp is involved wid) the difihnnce between the sampling end arid die playout 
end in terms of the clodc naed at the head end and refas to an individual saiiq>le thni was taken 
at an 8kHz ntt. hi this context, frame slip means that, if san^des are taken at slightly fai^ier than 
at 8kHz rale and {daycd out at tbt 8kHz rate, evemuaSy there will be man: sioiij^ dun tinv 
to play them out, n nr.ft M l t «ti n g a diop bi Bamples in order to catch up, such droppage being 
tcnned frame slip, e fiame being one sample at SkHz. The idea is to miiiimiTw the number of 
fnim slips, preferably a tolerable amount being fiame slips per minute. In order to 
accomplish this tolerable amount there must be some mechanism for cmveying the clock 
infoimation across the network so that the same 8kHz clock is being used, radier dian one that 
is a litde faster, or a little slower. The present invention provides such a mechanism. 



V^di reganl to path latency and the jitter in that latoicy. it is not desnahle to have packets 
assembl e d on one end of the network and leisurely delivered at the other end The generally 
accepted nomber for the longest time dutt can be taken in delaying a pa:k£t when it is delivered 
across the eatiie iwtwoik (ix.. &om the user honae telqibone, throu^ the hotiK iMtwork, 1^ the 
cable, duoogh the intBrnet. and similariy back down die other end to the odur oser iKune 
telephoDe) is 150 msec. Aiq^diing beyond tfiat latency GieaiBS stilted com 
keq> the latency amount down, several issues inust be dcah with in fl8haredoctwork.ff standard 
EdKinet is useddie variance bi httOMydiat is caused by die standard backoff algnidunwt^^ 
deariy in what can be toleiated for voice tnmsmisdan. b die HPNA V2 protocol vriuch ato 
impl emeni s aiandomized badBoifalgoridiiii.it is differott than standaitiEtheriiet in diat 
do not get rewarded for having won. A winner has to wait out until all die losen of the 
contention round have each gotten dieir turn before die wimier can go back widi a new 
tranainission. This has the effect of greatly reducing (he latency on die collision lescdndon and 
provides a good basis for voice transmission. 

C nm iw ui w iii iolaieniyemiiiiJMdethepnfribiUtythal M nngoi re dw 
vto die netwoik is desired to be used and HPNA has prioritization bailt into It. widi voice 
traffic bdiig given die highest priority. Howevor, such does not stop someone dse beii^ on die 
iietwoifc first, and dw latter needs to wait its tnm to send out a pocket even diough It h^ 
priority. When the prior sender is done, die latter will have highestpriority todie idle network. 
A coUisioD may also occur widi other nodes having highest priority oaflic. The collision 
resolution in die worst case can take up to 2.7msec widi a specific probability of leaolutioo. If 
the probability is extended to higher and higher numbers it takes longer and longer. This 2.7m8ec 
mnnber is taken as die target nundier for the peribnnance cunentty generally accepted in die 
industry. Anodier general requiicnient in tlK indosny is ditt four total telephones all dodng die 
same tfaiiig at the same tiine nsntg die sanie networic to the same gateway imtst be supported 
Anodier asamivtion made U diat die tiansmisrioo is ruined by an error and it must be dl dou^ 
again. The total time it takes being 11.8msee. die worst case. In die odier direction, diegateway 
has a queue of packets (tnmsmi tting data for four nodes) in die downstream direction, but it only 
representsonepcintof attachment to the netwoik. die gateway's traffic collides widi all four 
coming up, afivB way collision occurs, and if the gateway is the last one to win in diat colliaion, 
then die gateway has to watt for all of die odier upstream nodes to finish before it proceeds. 
Eveiybody gets knocked out due lo noise again, and then all that gets out ia ooe node's voice 
pocket llie odier dme have to wait to get out in die downaoeam direction. The total, widi dwre 
being 1 1 .Smaac on one side of die caU and 14.9msec on die otin side of die caU, ii 26L7msec. 
Widt ISQmsec to make dM complete end to end trip, dien 1 MJmaec is left fbr die rest of dw 
trip, hi a 



die latency and synchronize die dock. 

hi addition to the voice qnaSty issues raised dwve, any home-iietworidng sohnim fo^ 
VoIP call distribution must support a leasonabJe nundier of simultaneous calls and must be made 
available at a reasonable cost E«:h of these requirenmts represent constraints on the effort to 
meet the omall call quality objective. The qualitative perfoimacce ob^ctives are summarized 
by die more specific technical icqmremcats given for die entire system as fc^ows: 

1. The £rame<sUp rate (vrace-sample loss rate) of die enrim VoIP pad) should not exceed 
0J£S dips per miinitB. 

2. The end-to^sid padi latency for any voice caD ahookl not exceed 150tnsec - the home 
LAKpoition of dusoveian requirement is Khnsec. 

3. The honiB LAN dwtdd support 4 simultaneoiis VcdP calls in order to pronde an 
adequate and competitive level of service to die end user. 

4. Cost of installation must be reasonable. 

As mentioned above, a fiame slip is the loss of a single 8kHz audio-band san^le. By 
mininiirin gftaiiie slips, packet loss ia minimized and speech quality is preserved In addition 
to problems encountered wtdi speech, voice-band data traffic suflen severe throughput 
degradation when even a small number of codec sanqibs are lost Because eadi VoIP packet 

VoIPpacket will cause 80 frame slips. OnlyoiiBSOchlflsslsallowedper320minnteiifdie0.25 
frame sup per minnte goal is to be achieved This places a very strict requimncntCTi the home 
network operation widi regard to packet loss. Packet loss in a home networic could be due to any 

of several factOTs, including: 

1. Losses incurred due to onreoovered bit errors in die transmitted message. 

2. Timing mismatch between die 8kHz codec sanqiling at the transmitter and die timing 
slots diax exist on a synchronous netwoik (some VoIP calls may travem a synchrooous 
netwodc for at least a ponion of dK route) whkdi uldmatdy leads to boiler ovenuB or 



3. Laie packet arrival -packets which arrive too late will be discasded. and are effectively, 
lost For estas^le. at die home LAN/WAN intezface, late-airivhig upstream VoIP 
packets win be discarded sinoe diey cannot be expected to arrive on time anywhere else 
along the path once they are late at the WAN interface. 

4. Congestion loss - some LAN protocols may discard queued paf fcct g due to congestion 
or other failures, eg., excessive eoDiaions fai an IEEE 802.3 netwoik csuses a packet to 
be diof^ied 

As alaomendooed above. ISOmaec Is sHotted for die total VoIP can padL The pottion of dw 
call padilaiBocy allocated for home network diatributiOD is lOmsec. Assunnngdiatbodiends 
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of die caO aie tennmated to a honK IJW, dKDthe packet ddi 
iKtwoit It eitbCT eiid of the ca]] is nngMy Smsec. It dMidd be DotBd 
anives later than tbe allowed Smsec Iatau7 will effecdvely te 

have arrived without emns. A late padoet cannot be used in speed) lecoostructton. Tterefore, 
the ability ofaiietwarfc to ixieet the reqimedddivetylatB^ 

ddayegun^bmitdsodiiMlyafiisctBtbeiaieof&atnealiiM. Expkringtliiaidationshipfiiither 
leveab the fdlontriqg Ihmt OD lateocr. (1) The net^^ 

in 320 mimttBs; C2) One dnectkm of a VoIP oonneeikni wfll pass %0*«V10iiisee e 1.9ZB6 
. padoMm320iniinitBs;(3)11ierefiaR,tfaBaIlowBd^ 
per milficaau For die latency leq uk emeat, this means that the 5msec one-way latency number 
most beiiiBt99i>999S% of the time. Most LAN protocols ptoposing to fill the home netwoftin g 
space win be iBcqnblc of insming that socb a figure is met, because naditlanal asyndtnmous 
□etwodu inovidB highly vaiiable latency. Sane oetwoilcs mii^ be able to achieve a Smsec 
a veisige latency, but the jitter in the latent 0gme would cause soiDe significant pereeatage 
finmes(ix.>>0XX)01%)iobedeUvBndwidialatBBcyaboved)e5msecnimA». Thiilevelaf 
perfannance will iMt ooofara to die olgeelivcs of a high-quality VoIP 

Standard O U ieiue t piu io cd might beonedwkeforahomelJW.ifi^ 
toahong-ffiendlyinediimi.«ucfaa»apiioiiBlniBorawirele8acanier> TheHPNAVlprotocd 
was built in just diisfasfaioD. HFNA VI protocol ts dw IEEE 8Q2 J MAC protocol opeiating 
on home phone lines widia novel FHYinqdenientatioa. However, the IEEE 802Jprotocor5 
collisim tesohition algorithm delivers veiy onsatisfBctDry latency perfonnance y/bea the 
aggregate netwoik load is moderate to hi^ One of the most often-cited problems arising from 
high offeiBd load on die IEEE 8023 protocol is the networic capture effect, wheie competing 
staiiom late tnnis at virtnal dominanGe am die network idaiivdy loo^ 
Oveian, die network behavior is fair, but for short periods oftime, die network is very iii^ 



a sin^ VoIP packet A qoesikm arises as to wfaedn VoIP tnfik can cnate hig^ e^ 
netwoik loads to cause the oetwcric capture efTcct to appear, die netwoik is to also be shared 
for data traffic, then the answer is very clean A high load can be attained with die introduction 
of just one networic session whidi attempts to transfer a niediain-sizBd file or web-page. Such 
a file transfer will cause an instantaneous load increase which is soificient to push the 
99.99994% confidence envelope for jitter weD beyond die 5msec numbex. Hie following 
eqdanatian gives an example: The IEEE 802J nrtwork cqxure effect is die result of the 
alkmaace for die wimier of a coUiskn lesQbition to teniin to die netn^ 
in its tnmsmissian cjoeue, with a huih^ advantage over the previous loser for die MXt rouMi 
afcoUiaioafesolniiaii. Because ofAebrntt-in advantage, die loaerhas a lelathrelyfaiglicbanoB 



over the VoIP iiodes, then the aggregate of non-VoIP txafBc could add up to more than Sznsec. 
lUs woidd again, eatise die desired latency bound to be vHiiated. However, DFPQ again 
pnnddes a sdludon. TUs dme, die aohition is to allow for multiple instances of die MAC 
protocol to operate in pattdlel, with one instance far each of 8 different priority levels. Each 
BiAC instanx; (jpriorily level) opeiates widi a successively longBr inter-ftanie spxe (IPS). 
Packets fiom lower levels of priority are only allowed access to the iwtwork when no packets 
exist at hig^ levels. This medianism prevento timentfisensitivc tiafiBc firan affecting die 
deliveiy latency of packets from hi£^ levels of priority. VoIPtrafBcisassignedtodwhi^est 
kvdiifpiifxdty because it has the tt^jtestperfoiniance targets of all network traE&;. Therefoie, 
VoIP tta£Bc alwqn gets to "cut in line", ahead of lower priority traffic. 

b fader to take foU advantage of die multiple pooiity kvels of die HFNA V2 ptotocol. 
BMACcontrollerincIodesmnltiplettansinisaon queues. IfonlyonetiBnsmissianqueueexistB, 
then it is possible for the device driver to load a low^nrity fmmw imn tte gmMt, not tw^fuwiti g 
diat a short time later, a higiipriaity frame may need ID be queued. When die high priority 
frame does arrive at die device driver, this fiaroe must wait until Ujc low-priority frame is 
transmitted by the MAC. Hie HPNA V2 protocol employs absolute priority, such that lower 
priority frames are completely blocked from network access until all higherpriority frames from 
an nodes Of die network have been transmitted. Therefore, a high priority frame waiting in a 
transmisstm queue behind a low-priority frame will potentially wait fox a long period of time 
befoie being tiaasmittBd. Becanse die longest aUowed frame tianamiaatoD time is 3,2msec. die 
trimsmissian of only Ihi^KTiiriaxty frame can cause die blocked frame to be 1^^ Refeiring 
to Figs. 72a and 72b, aU of die frames witii higjier priority from Nodes B. C and D will be 
tr an s m i tte d before die PRI=0 frame from Node A. The blocking action of dn FR]=0 frame 
causes die highest priority frame of aU queued frames (die P1U=7 VoIP fran» at Notfe A) to 
behind 8 frame of lower priority. Hiis behavior is not acceptable and causes latency for VoIP 
finmes beyond die Smsec limtL Thesohjtiontodieprdilem is to allow multiple tiansmitqueucs 
ai die MAC, sudi diat die PRI=7 queue is serviced ahead of others, bi accordance wid) die 
pRsem inmnrion, a single pliyBical queue is Dsed, widi queiM mana^nvn 
ie-qnleringcrfprewioi«lyqiTnifiri fa i inra ioal^ 

of die queue. Now die VfdP PR|s7 frame win be die first to access die network, ahe^ of all 
odier frames on die networic FuidieT details as to VoIP HOL Blackmg imj^ifiitaltoo 
requirements are set forth herctnbelow. 

fri qualitative terms, die latencyof delivery of frames using DFPQ is greatly ioqiroved 
Ofver previous methods. However, as defined in die HPNA V2 characteristics, dte latency 
delivered by DFPQ does not quite meet die peifotmance goat of Smsec, so a few additional 
features have been defined to achieve die final desired icsulL 



of beoomhtg locked ott of die netwok fiv an ejdOMkd period of time roitgl^ 
3.5x2^10 X S1.2Dsee (network dot tbne) s mmaee for a 10Mbit netwotk. RiUowiitg dus 
avenge captme tirne. die loaer woidd dticsid the coiiatt transmit franae due to excessive reliy 
failure. IXoing the network culture evem. the loemgstatioDwoiild have generated an addition^ 
18 VoIP packets. Each ofdiese would in turo be discarded at dte U^N/WANrntcrface, because 
they would all arrive iimchptut their R^xctiveSinaeclsteiicyltniits. This utter fBilme pots the 
IEEB8023pi«ocolwenorasideofdleiBqmnxJpcrfonniiiceobjoctivc.T^ protocol 
otiliM die lEEB 802J MAC ftmctioo and it specifies a slotting for backoff purposes of about 
yXkuec. ForHFNA VI systems, tlds results in an average network cqicuie event duration of 
over 1 aecoad. dearly, a more lopfaisticaiBd protocol was requund. Widiin die tbrw 802 J 
MAC protocol, seme provisioo can be adopted to leduoB dtenetwosk captine effect, sodi as 
api^ying traffic Bchednling to minimizB the duration of captmeeveolB. Unless tte scheduling 
operation is perfbnned in die device driver which has leal time knowledge of die MAC 1^ 
queue and of die overall networic load, die result wiU be ineffective. Even witti effective 
sdieduling, there can be no guarantee that the next winner is a node with VoIP trafBc instead 
of die latest download from ZDNET. Average latency can be reduced, but extremes wiU stiD 
be beyond the necessary mwih n uim . and the most lajency-saisitive traffic is not given any 
priority. A beoer aitcrastive is die one brought forward by HPNA V2, as described above. 

The IOWA V2 proCootd selves die problem of netwcric captme by eiiqpikiying a liinp^ 
yet tightly^ioandedcolUsion resohition mechanism whtdi Ikes naiely on a ceii^ 
resolve network sharing issues, known as DiVQ. as desoibedabovew The key to die protocol 
is die employment of a RX based collision detection sdieme diat allows all netwoik nodes to 
maintain consistent knowledge of die netwoik condition. Based on die netwotkcondition. each 
node can determine whether it may take its turn to transmit a packet. Once a node has 
transmitted, it must wait until all odiernodes wishing to transmit have also tntHi a turn before 
It can get anew torn. As mtdtiple nodes contend for die same oppoitmrity to transmit, diey 
peifaim a landomization stqi wfaidi aeives to define a transmission otdeiing among the 
competing nodes. Because die orderiqg dedslon is random and decentralized, diere is some 
noQ-ierotailtodietiznBittake8ioiesolveanon<ollidiiigaRler.badietidlisve^ ' 
comparison tothe bdiaviorof more traditional collisionresolutionprotoods. ByntilizingDIITQ 
collision resolution, the network capture effect is completely avoided Ronoving the netwoik 
culture effect is not enou^ to con^iletcly solve die problem of delivering guarantees of limited 
latency. Because some competing nodes may have relatively time-insensitive packets m dieir 
queues (such as file transfer data or web-page data), dielatency of detiveiy for die tiroe-ficnsitive 
V(dP packets could be greatly altered by die varying load of time-insensitive packets. Worse 
3«t, if diesB were a huge nutidKr of noD-VoIP nodes in d» netwoik. and each was given a turn 



Referring now to Hg. 73, which shows aspects of Hg. 70 in mcie detail, there is seen 
8nratum3 reference clock 2044, which is a veiy hig^ accuracy clock which is delivered to 
headend 2020 at the servioe provider and deUvered down die cable tocable modem 2012. Cable 
modem dock 2013 is provided to HPNA tnascetver 2015 at die cable modem gateway. The 
HPNA tnnscdver dien has a mechamsm to deiiver d» (dock to a tepxesentativd^ 
HPNA-pottConverter2017a. Voioeoodec20SOtakiesdiBanalogstgnal 2019andGQiivensitinto 
digital samples. Iludigital samples get deUveted to HPNAMAC 201S, tnrneditto a packet 
gets delivered up to die network. In delivering die clock infbfmation over du DOCSIS system 
it was thxvmgh a spedal packet which got cqmned by a specia] drcmt However, die CKflS ^ 
CM clock coonhnation could rely on the latency of delivery because die DOCSIS network 
provides a mechanism for detenniniiig how far the CM is on die wire frxnn die CMTS. This is 
done forevety node. When die CM receives a clock stamp it adjusts it according to its distance 
from die CMIS. Abo. dw CMXS knows exacdy when die clock is lelative to die tinx: when it 
aclnsily sends die signal out onto die networiL The HPNA network, being a shared networi:. 
does not have diis a4jn8tmea. Therefore, in aoconlance widi die pseseot inventi^ 
taken fit»n die cable ondem to die tranacaver and die tnuisceiver lakes die clock infoimation 
and runs a clock inside based upon die clock information from die cable modem. At an 
q^wopriate time, a special frame is created that captures diat tinie and delivers it across HPNA 
V2networic 2014, die transceiver gateway being considered a "mastei^. witii each HPNA - VoIP 
converter Iraiiscei ver beang considered a "slave", to all of die slaves. The slaves do notoonclate 
dieir docks directly. All diey do is discover die difference between dieir clock and die odier 
(master) cIodL The slaves take dieir own local timestanqi based on dnr local version of die 
clock and look at die time. Ihey do diis over muttipte periods to find die drift between dieir 
clock and niaster dock Once dicy do dds diey can take die infonnatioo and use it to adilnst die 
speed of tbdr clock with a DPLL circuiL 

In order to explain die new features in iiMire detail, it is illustrative to employ an exan^ilc. 
Referring again to Hgs. 70 and 73, there are several componcttts to the latency in the HPNA 
LAN portion 2010 of die VoIP packet transmission padi. CM CPE 2012 is a cable modem 
device. In die example iKtwaric, HPNA LAN 2014 connects 4 VoIP terminals 2016a. 2016b, 
201tic 2016d to faome gateway 2018. POTS phones 2016a, 2016b and 2016c are connected to 
HPNA LAN 2014 via convBilen 2017a. 2017b. 2017c. leapectivdy. VoIP 2016d can 

haveaconvaterbuiltdieiewidiin andbedietdiycagniectBddiiecdytoHFNALAN2014.Honie 
gateway 2018 intetoooneciswidiCMTS 2020 over an HPC line 2021 usfaig DOCSIS ptotoooL 
wUdi can be located in^ for exaniple, telephoDB company Central Office 2(^. CMIS 2020 can 
service the PSTN network CcVoaO^ 2026 timing PSTN switch 2028. CMTS 2020 can also 
■ento die hdenet ne^woIk Clonn 2030 via IP dnoos^ IP loiita' 2032. CM 2012 is also 
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coupled to HPNA LAN 201 4 through HFNA MAC 2015. The Eoppait of 4 tunultuieous VoJP 
connections was given as the requiied tevd (tf support in the origmal 
Within the HPNA LAN portion of the system, dure are ceveml con^ponenti whidi co n trib ut e 
to the totol latency of the LAN. These conipcnients and thdr individual omtiibmions are listed 
in the table set forth in Hg. 74. Note that iqistzeaiD tiafBc expeneaces a shorter latency than 
downstream tndfic. HiU ii due to the fact that the downstream tiBffic o ri j ^iiMtw Ouiu s linglo 
MAC source (i.e. the HPNA MAC wMun the Cable Modem devicB) and tfaerefore migbt have 
to wait for lU nodes Id mnsinit befora each of iti tUrd and su b s a i m ent transndssioiu. The 
lawicy oonipraents in Hg. 74 ue defined as foUows! 



Access Delay 



IMs is the maxinnmitiine that a VoIP node will have to wait if a VoIP 
frame is queued just as a maximnm-leaglfa transmission begins at the 
lowest possible HFNA V2 tnmsmission rate (=4Mbit/sec). There is no 
netwoilL preemption if a frame has already begun tnsuuuission. 
This is the overhead needed to resolve a five-way collision among 5 
VoIP tninsmitteis (4 handsets upstream frames 4- one CM dovmstream 
frame) to the level of uncertainty of lQE-6 or lOE- 1, dqiending upon the 
cohmmheaifiiig. Ite iaB-6 value is baaed oo the lateocy of 13 oollition 
resolution cycles. Hie overhead includes the time n e e de d for collision 
events nnxed with IFS times and the eollisioQ lesohniaD tignsHng 
function. Transmission of pac fc e t s from winning nodes is Uslcd 
separately. 

This is the time required to transmit 3 VoIP packets in the upstream 
direction, plus one VoIP frame fa) the downstream diie^on. This activity 
would normally occur interspecsed with the CoDisiQn Resolution 



This is the time required to tnnamit the last VcdP padset in the u 
This is the lime l e quii ed to tnnsmit the last dnee VoIP packets in the 



3yp, IDown 

UstUp 
3down 



The 3 Up, 1 Down, collision resolution, and 3 down entries are repeated on the HPNA LAN in 
onkr to bring the dcliveiy reliability of all VoIP packets to an accegtablc level. The different 
columns indicate the differing probabilities of the event combinatians. Head of tj"^- bloddng 
is assumed to be solved in the table. If cot previously solved, the contributioD from this 
c oi u p o iifai t would be potentially very large- The dtiferest oohnnns r e p resent diffqent cases of 
piobflibiHty. TlielOE-6cidainnnKliidesdiBtinienecdcdtoicsidveat-wayeoUiaiontolQ&6 
It all stBtions have h«H a chance to tnnsmiL This ^ fif l i m in also <^ Mi'i T)f 4 diat the 



traffic occun in a home where the netwaric transmission rates for all 5 nodes have been 
DegoixBted to 4Mbit/sec. In the 91% column, the collision resohttion is still lOE-6 pn3bability, 
but the transmission rates for all nodes has been inqjTDvod to lOMbit/sec. Tbe90%pn4>ability 
case assumes collision resohnioa time with 90% probs^liiy and network rates of lOMbit/sec. 
As can be seen in the table, the total latency for a one way path exceeds tbe lOmsec budget 
allocated to the HI^A LAN portion of the complete path. Several additional festmcs are 
defined In order to bijttg tbe iMme LAN latent to a mom suitaliile level. 

The coUision resolution mechanism of HPNA \^ can take more than 2msoc loreac^vo 
in die extreme case of probability Tx4ienS nodes ooUidB. In^uoved algotitfans for reducing the 
collision resolution overhead have been described above. Analysis of these mocbanisms 
detDonstrates a vast impiuveiiieat in the dmerequred for lesohition of collisions using tbe new 
methods. The Pig. 74 table shows a VcdP frame length of 160 bytes for 80 samples. This 
translates to a 16-bi( linear PCM coding of the voice from the (A 16-bit PCM code 

would include only I4-bits of resoltxtiaa, but die extn two bits are needed to allow alignment 
to byte boundaries.) If PCM-fiLKW is used instead as the codec, dm tbe number of payload 
bytes perpacketisnduoedCpaml60to 80, TUseliminaies«nodierl4maecofdel8y from die 
downstream side and 1 .5msec from the upsmam side. PCM-mLbw is tbe codec currently 
eaqik^ed as d» standard for aU US traffic. While dieBER fOTOe HPNA ^^ 
be iiuBiaged to very good values by employing a rale negotiation featmet then BO ilill potenlta] 
impulse noise events that can caose packet loss. The simplest recovayfiram such events is to 
unconditionally provide two separate copiea of every packet Other mechanisms to pr otec t 
against impuls&^oiae induced frame loss either are not efiiective against impulse noise (eg. 
FEC) or cause excessive additional latency (e.g. low-level ARQ). Therefore, the table shows 
that every VoIP pac k e t is being transmttted tirioe in oida to protect against frame loss due to 
uiqNdse events. TUs bdQgs die HPNA V2 LAN BER-imfnoed frame slip performance to tbe 
retailed kvels, bm ft does add to the latency of die system. Ddivoy latency nmst be smdl for 
voice (<Smsec) because the overaU padi lateiicy in one directiao dMDld not exceed ISOmaec.' 
Raine dips inust be rare because they cause a leayncfaitnizaiioa jnocedum in w 
connections which ca u ses a complete halt of usefbl iufuiiuation tmnsfisr, tiKieby d 
reducing throughput Voice traffic is not as sensitive to frame slips as voice-band data. Voice- 
band data is not as sensitive to latency as vdce traffic. Therefore, if true voice traffic can be 
separatedfcompure voice-band data trafBc, then the voice-band traffic can be sent at a lower 
priority, wheredielatencyof delivery willnotbeaslightly bounded. This reduces the constraint 
on HPNA LAN petformaoce, because die frame slip rate can probably be relaxed for tbe pure- 



latency ass resoU. Using this medKxLvoicB packets wAidi axe lost doe to in^QlaB events will 



notbeteoovered. Voice-bond data packets «4iich are lost doe to in^wlse events are recbveied 
using HPNA V2 standard LARQ procedures Oow level ARQ) as described above. Another 
option is to allow the redundant Hansmissian to occur without conoentisiion — i.e., use a very 
short IFS to transmit the completB fiame twice in a row. This eUnunsiBs die second nond of 
collision resfdulion, trimming aiiodiGr0.4in8ec from each end of the palh. Hiediart set forth in 
Hg. 75 shows the latency when PCM^ eodiqg is used instead of 14-bit lixiBarPCM» and die 
redundant VdP pariket transmissions are dropped, A mechanism for improving coiDision 
fcsohition time is also included. These immbers are very close to tbe required latency 



An additional system latency con^oneat exists. This compment is due to tbe lack of 
coordiiution of the framing of voice samples at the handset such that a VoIP packet will be sent 
on die LAN and arrive just in time to utilize the next available upstream transmission slot on die 
WAN. such coordiiiation is not performed, as inucli as an addiiiana] IQmaec of latency can 
be adiled to tlieiipstieampaifa. As an example, the DOCSIS iietwodc fry csMemodeinsallocBtes 
a fixed amoont of bandwiddi to the up s tr e am partial of each voioe call. The bandwidth a 
allocatedfaipenodc intervals whidi match the framing rate of die VoIP frames. Eteexaoople, 
a caU utiliznig a lOmaec VoIP packet rate will receive a DOCSIS upstream bandwiddi allocation 
allowing it to transmit one frame every lOmsec. The initial timing of the upstream tnmsmission 
oppntunitiesisrandom, relative to the potential framing of a set of samples at the handset If 
the handset creates a VoIP frame and sends it to the cable modem, with the arrival just misring 
an upstream transmissian slot, then tbe VoIP frame will have to wait lOmsec to be forwarded 
to the cental office. Pievious to arriving at the cable modem, the VoIP frame already 
ejqxrieocaddieSmseeallottBd LAN latency. RefeningbacktoHg. 71, diis timing relationship 
is iUastfated, wtne the pnnlntf arrival at the cdile modem is too late for die current opstium 
transmission slot, lesuhiiig in an addita'ooal IQmsee of latency for delivery of all VoIP framn 
in this stream. As can be seen in the illustration, the total latency frmn packetization al the 
handset to delivery on die DOCSIS network for tins example is abom ISmsec. This is well 
beyond the Smsec target If the packetization at the handset can be synchronized to 
arxxtrnrnodate tbe HFNA LAN debveiy latency Slid the cable modem prwTMingdffto^ 
the VoIP fhime is ready for transmission on tlie next upsti e a m slot* then the additional lOmscc 
latency penalty can be avoided. Hie mnrfianitm for cootdinating tbe handset fiamiqg Is 
accomplished through a protocol to commontcato die upstream dot timing from tbe cable 
modem to the handset Such ooordlnaiion is provided via a clock synchroniTiiiifa^ niBchamsm 
between die caUe roodBm and the handset The clock synchronization m ec h a ni sm in cludes a 
timing circuit widtin die HPNA MAC controller and an HPNA LAN protocol for die exchange 
of luxung infonnatmi). TluiUightheexchaiigBoftmDngtikfuiuiationt the handset (fiscoveisw^ien 
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the next upstream transmission opportunity will occur. It assend^tbe initia} VoIP packet at 
such a time that accoimting for HFNA LAN delivery lamncy and cable modem processing 
latency, die packet will arrive ui time for the next available upstream transmission slot 

Referring again to Figs. 70 and 73. even if all VoIP packets fmm the HPNA-enabled 
handset are delivered cntir-free and on-time, a VoIP call may still experience frame slips whidi 
an due to a xnis-synchitmizaiiCT of die handset A/D sampling dock and the tefemK» doc^ 
the synchronous nctwoik which provides a portion of the tran^xat for the VoIP packets. In the 
examife dais fidr depicted in 1^.70 and 73, the DOCSIS netwodt is sync hr ono u s, and so is die 
PSTN over windi the can may eventually be touted. In dther case, tftbe VoIP packet samides 
are collected at a rate which is slower or faster dian the standard SkHz rate, then dure will 
eventually be an accumulated sample deficit or oyciagc. The result will be Hat eventually, an 
entire VoIP packer will be lost. Because of the 0.23 frame slip per minute reqtrirement. the SkHz 
sample dock at the handset mnst be accurate u> within 032ppm of die synchronous networic 
dock's time reference. The syndmmization of die handset 8anq>le dock ta d» synchronous 
network's reference clock is accomplished duou^ the same protocol that allowed die 
conveyance of upstieam slot timiiig information. The protocol employs a ttmestamp ge n e r ator 
in die cable modon and the handso. Csble modem 3012 aJrcady maintains a clock in timing 
synchranizadon circuit 2040 whidi is locked to the DOCSIS head-end timing synchronization 
drcuit 2042 and in turn to reference clock 2044, because all DOCSIS network activity is 
synchronous to this reference dock. Cable modem 2012 makes dus synchronized clock 
available to HPNA MAC device 201 S. which tiien uses it to drive timestamp drcuit 2046. The 
HPNA MAC timestainp is delivered from cable modem 2012 to handset devices 2017a by way 
of HFNA LAN 2014. Handset MAC devices use diese timestsmps to synchronize dieir local 
clftrlisintfiffirfr^r^tiT rrm^ffTiTnr rr*^'**'y 7*^^ Tlieylntiiin,providBanouQnitclock 
which is used by die A/D sampling dicuit fai voice codec 2050. Tlw HPNA dndnglnfannation 
exchange messages include absolute time references which are used to synchronize die handset 
clock widi stnUon 3 timing lefierenoe 2044, and diqr indude i^stiBam transmissioa slot 
infbriiiation which aUows VoIP packets to be frarned and deUvered at tbe inost sppropriate tiine. 

— Tunc Syncfaronization 

Signaling frames and proce dur es are defined m permit time synchronizBtion between 
Hams gateway 201 8 and representative HFNA - POTS convener 2017a as depicted in Hg. 73. 
The time synchrtmizstian procedures enable two types of tune synduonization: (1) The 8kHz 
saiiqile rate of die analog voioe codec at die handsrt is lyncbnaized to a lefisGDce dock at die 
Home gateway, and (2) The generation of encoded voicepadtcu at die HPNA 'POTS oonvettBT 
is synchronized to the arrival of the assigned upstream timeslot at the Home gateway from tbe 
digital cairier newoik, acoounung for any processing delays or jitter iniiuduced by HPNA 
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nenvoik access. In die DOCSIS/PacketCable system, this is the orival of an upstream ^ut 
lync for tbe senoce flow allocated for the specific vcaoe stream. 

Refeimg to Fig. 73 in oonjunctian with Hg. 80, home gateway 2018 intpkments a 
cotititecmiiierthatisq^c-loclKdtotheiietwo^stiuitiDiefeieTO TheliPNAMAC 
tnosmitttr id the Home gateway impkmpntw a fimctioa to lead and latch the value of the 
couiiia/tiiDeriiiiDMas»TiiDest8nipResjstBr»^ 

maifccd with the "Xatch Timcstamp" O-TS) dnoiptor bit Hie HFNA - POTS coovmer 
iiiipleroaitaaootmteritimawhichiitididividedto IheHPNAMAC 
leodvcr m die HPNA - POIS convemaq)lemmtB a fbocti^ 

ce win tei/Uiner into Receive Tunestan^ Register 3013 upon the lecetpt of a fiaii». Receive 
Ilmestanip Register 3013 is logjcaDy pait of the receive status wofd of ead) itoeived fi^^ 
tiimng tiifonxiation is conveyed to dK HPNA ' P0ri3 convemr ^ The 
Home gateway periodically transmits a Hmestamp Sync (TSM) frame with the LTS descriptor 
act, then reads and traDStmts the latched Master Timestaiiip register value in a sobseqimt 
Timestamp Report (TRM) frame. Tbe HPNA - POTS coavettej leads and saves the Receive 
T i!nflaBin pii^stw-valiieafifTiiiies tai n p SyiicfiaiDea,andb^^ 
Receive and Master imietfainp paiia fiom the lecdved TSM aiid TIM 
POTS ccnvcfter peiiodicany calculates: fiequeacyenors [^^ The frequency 

error adjustment is then applied to tbe HPNA - POTS converter local codec clock. 

The Home gateway implements a function to read and latdi the value of the lefoence 
coontetftimer into Grant Timrstamp register 3030 upon the occurrence of a selected tineslot 
grant sync signal from the upstream netwatk (ix. SID match and Gnmt sync). The Home 
gateway is aware of die loappiag of iqKtieam timealot graitt to specific HFNA • POTS convert 
andliiieH).TheHPNA-POTS co ov emr iiiylemenii>dmgflM«pimtiMal^ 
Bgnal at tbe eatpected voice fiameiate. This tuner is dedwed from the local codec clock. The 
relativB tiiidiv of die ii^Btream giim sync signal is eonv^ to the HmA - POIS eon^^ 
prior to eaAlhig the voice encoder, but after d» estabUshDKm of die iqistieam 
The timmg offset is adfnsted to accoimt for internal procesang cycles needed each by die HotDB 
gateway and die HFNA - POTS converter, and allowing for worst case voice frame latency on 
the HPNA media. When the Home gateway needs to send the timeslot grant sync timing 
information, it will latch the grant timestatnp value and adjust the value to account for internal 
processing time to receive and forward voice frames to the upstream network inteiface. The 
a#atBdgnBittTnimamp is tianamitted to die HPNA -POTS converter ill aTunes^ 
CTRM) frame. The HmA - POTS convener f-«iwii«t»»« m whsi^itr time offset from die 
differenee in the Haeeive and MtuOfT ^imKa^ ^ nfk p ^ ^ m^j gnl m latBit ■ fatnwt IqctI fame »yne t jn w 
as: Frame Sync = Grant timestamp + ofbet + voice ftame period - latency; where latency = 
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Call ID field and discards die message if no match to an existing voice caD; (3) calculates die 
time deltato the next local frame sync rignal as follows: Frame sync time - Grant TimBstaiiq> 
+ -f VF - Ken - I^hfna; vfhm T^ s Receive Timestamp - Master Timestaii]^ (absolute 
time offsetV. Kpp,. = a known cansnmt eqnal to tha HPMA - PCTTS c j emviittur i tammuki r mn—riiig 
time to {nqwe an upstream voice packet; s a known Gonstant equal to die wont eve 
HFNA mecfia ttansiiiission delay, and VF s voioe frame period; and (4) ai^osts die loca^ 
sync dmmg as necessary. 

- HPNA VoIP Timing Synch Circuit 

In accordance with the present invention a solution to the pnsblem of synchronization of 
clocks between die Cable Modem (CM) aiKi die handset in a VoIP network diat inchides an 
HFNA LAN as the link between die handset and the CM is provided. The clock in the cable 
modem is used to synchnmiZB tiansmissicms of upstream packets to the DOCSIS l^C tirrung. 
Upstream transmission tinn are gmee^ dictated by die DOCSIS head end eguipme^ la 
addition, far syncbronoos tnffic flows, sodi as VoIP, die periodicity of die tranmiissioa of 
packete of the fkiw i* direcdy related to the upstream clock. Furtfaenme. die data sanqdesm 
die padceis are aoqntied at a rate which is a derivative of die system master dock. Becanseof 
these tim i n g teUdonsbips, the cable modem clock must be synchronized to the clock in the cable 
modem head end. At the VoIP handset, the local clock is used to sanqile the analog voice 
channel. This local dock nmst be related to the DOCSIS head end clock for proper operation 
to occur. 

As has been described briefly above, synchronization between clocks m VoIP handsets 
and CMS is necessary for two leasons: (1) die saoqile rtfB of die analog voice signal at die 
handset most match a StarKlard 8Hfa vahie that i» estabUgted ftir the entm vracf transmisirim 
pad) in cnder to avoid fiarne slips Oost san^ or sanqiie g*ps) viAidi compfomiae die q^ 
of voice ttafBc and rignificantly reduce die diiDtigfapm of v(rice<lMnd data flows; and CZ) die 
framing of sanqiles into an RTP voice packet most occur synchronously to the arrival of an 
upstream grant at the DOCSIS MAC in order to minimize the latency of the opstjcam path. Hw 
SNR of the coded voice signal that traverses the PSTN inost meet the requimnents of rnj-T 
fecammendadon G.712, wUefa ^ecjfies an SNR of 3S.5dB fcrmost input levels. Variation in 
die A/D aanqde cloek Iram a nomfaul 8kHz frequency can be modeled as nmse in die cockd 
rignal. and dierefore, a pooriytneking sample clock in die handset can cause the handset to Call 
out of oomplianOB widi TTV-T G.712. Hie perfiiimanoe fimits of G.712 tnnslate dimcdy into 
the jiner pofotmance objective for die timing synebnnixition ciroiitaf die HPNA VoIP system. 
A vdce sample loss rate of 0.25 sainples lost per iniiiute miist be inaintained to support a toll- 
qoality VoIP call. This lequiiement tnoslates into a l0Q9«im avcrsge trackiiig emir of 
0.52ppm between the handset and the CM. TTie overall latency dial can be experienced by a real- 
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llie metbodby wMcli die Itame Sync o^ostmem is dien applied to die HPNA - POI^ conv^ 
voice encoder is implemeotattan-dependeaL Figs. 76 and 77(1)- 77a) depict die Timestanip 
Sync frame foniW arid the Ttinestamp Report Frioiie forriiai. respectively. The Home gateway 
transmits time synchronization frames (Timestamp Sync Message and Timestamp Report 
Message) on aperiodic rate oontimiously. Frames are bansmittedto the broadcast MAC address 
using MAC priority level 6. Time sync mnssagita are always transtmtted m pairs, according to 
die iaUowiqg procedure. The Home gateway muhrtnin ff a lime Sync tinvr and a sequence 
naodxrooimter, SeqNum. Upon esimy of die time syiw tiiiier. the Home gate^ 
Ttine Sync tinier widi period 1 seoood; (2) imaeoKots SeqNum o SeqNum 4- 1; C3)f^^ 
Timnstam p Sync Message fiaiiiewidi die cotient value ofSeqNnm;(4)niatts the frarne with tbe 
LTS=: 1 descriptor and(5)tiansinits die TSM frame. Hie Hons gateway then:(l)read3 the vahK 
of die Master Hmestamp register,(2)fbnxtate a Timestamp Report Message frame with die 
conent values of SeqNum and Master Hmestan^. and (3)tranamits the TRM fhunc. Upon die 
establishment or te-establishment of an upstream service flow for a media stream, tbe Home 
gateway:(l)obtajns die grant rimesiainp for die sovice flow from the Grant Tiioestamp register; 
(2) adjusts die grot titfiBStamply a Imown constant equal to the internal pt^^ 
leodve and ftvwaid an iqstrcam voice packet; P) foonats aTimestanqi Rqiort Message frame 
as above, including the adtfitional Grant Timestamp and associated Line ID and Call ID fields; 
and (4)tnmsniit8 3 ct^to die IHM fiame. TRM frames «^iiii»*«g a Giant Thmtanqi ate 
transmitted imniediaie]y(wtdioa waiting for die Tune Sync timer to expire). An HPNA-I^^ 
converter derives dock and grant timing information from received Timestanip Sync and 
Hmestamp Report message frames. Frames which are received with a MAC source address (SA 
field) that do not match die expected Home gateway are discarded. The HPNA - POTS 
convener maintains an information base of (SeqNum, Receive timestamqi. Master timestamp) 
tuples. Ilie most lecem 2 topilBS are iBtaiMd: older tuples ars discarded. Upon le^ 
Hmestamp Sync Message frame, the BPNA - POTS converter reads the Receive Timestamp 
receive statDswcord, and enten tbe (SeqNum, Receive HnKstaiiqi} tnfde into its inftmution 
base. Upon lecetpt of a Timestamp Report Message fiame. die HFNA - POTS 
coaverter(l)locate8 die txxple assodated widi die received sequence number, SeqNum. from its 
information base; (2>enters die Master timestamp value m die conesponding tuple in die 
information base; (3)calcuUttes a codec dock frequency error where frequency error = n ? 
^«t^i»i)V(MK^-M(,„^i))]-l ; and (4) adjusts the local clock frequency as necessary. When 
the HPNA - POTS converter lecdves a Hmestanqi RqKMt Message frame containing a Grant 
Hmestamp. die HFNA - POTS omverter (l)examaie8 die Sei^um field and discaids die 
message if a diqiUcaie reodved fiarne and takes no foftber action; (2) euintnes tbe Line m an^ 
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time imeiactive voice caD before user-rqwrted degradation of call quality occurs has been 
determined, through experimentatioru to be no more than 150msec according to ITU-T 
recommendation C.114. Ihetelcne, die one-way latency limit of 150msec from TTU-T G.I14 
sets die perfoimancc god f<» die latency requiremcm to be inet by die HPNA VoIP systenu The 
largest pGlBodd cusoimer itf die qntons to be bulk using die HFNA LAN for VoIP ttafBc has 
stated dwir desbs for die final system to be cqiaUe of meeting die G.114 goal 

Bodi die CM and die handset win Mntain a local reference clock far die HFNA LAN. 
Tbe two docks inust share a common vdue and must be luraiing at the same rate, averaged over 
time, with a maximimi instantaneous error not to exceed TBD, which matches the DOCSIS 
leqniienientB. Several mechanisms have been explored in order to solve die synchronization 
problem. Among them:(l) a software mechanism for determining the rinw-gtump at a remote 
Itication and ootielattng that time to the locd tiine. Dsiiig round trip estirriation to determine the 
conecdon farqueuingddqrateachend, e.g.,NetwaricHnieFrotDOQU (2) aielative 
mechanism diat sends only corrective indicatioM between die timing master and die timing 
dave. Both of diese mednds lack die abOity to disoimnule between timing eiion dud are due 
to frequency drift at the slave and coon diat aie due to inaocwacies in determiimig the exact 
refnencetime. It is not well known if the inaccuracy of deterrnming die refierencetxnK might 
create frequent and wide swings in the locd reference dock, resulting in widely varying sanqde 
intervals over relatively short periods of time, or worse, resulting in unstable clock behavior and 
fttnt clips. If wide or sudden variati<ns in reference time information is expected, then a 
rcductitn in backing loop gain mi^ solve die problem, but such a teductioo might place die 
trackmg ability bdow die kvel where actud frequency drift can be tracked well enou^lo meet 
the performance criteria far VoIP. However, the most rmnjmXKnj^ atgoment n gibwt a soft 
method oftime deterininati on and tniclringi»ihft«nM>th«i»m ggMt«tfi« »t^ 
question may lanain lelativdy stdile over tfae periods of iotenst. the refi eren ce time 
establishment mrthodology (round tiip time measurements) may not be very stable over diort 
periods of time. Chaiiging traffic patterns riiay pnxluce sudden arid persistent asynunctrics in 
tbetwol^of the round trip, resulting in a sudden change in the timestamp estimation error. 
Wi lhn i rtdl s dn gi ri s h iiigdierrferencetinieestiinatioo er i oi fr om the frequency drift enor, it could 
be d» ease diat the SFLL inqipropriately uses freqoency corrections to adjust for diese sudden 
phaaesUfts. The sampling frequency coukldien be enou^ oat of step widi die CM as to cause 
frame slqis over reladvdy short periods <rf tine. Voice-bond data migbt suffer dmogl^Nit 
degradation from die relative sampling time errors and voice traffic itself might sofEer from 
harmonic distortions. Hie SNR requirements of JFU-T G.7 12 might not be met In any case, any 
of diese mediods ultiniatdy lequire die iii^ementation <rf a locd ctodc seneiadon d^ 
attnckingfrmctionuianiertociBateaciocksauicefardKAmcireuitatdiehandseL Givendiat 
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the need for a traddug function is reqinied, a more fauns] mechamam for dBlivaring predae 
reference time infoxniatioo is provided in accordance with tbe present invention that does not 
confiise frequency drift with rdieraace tiine estiniation eira^^ 

The cable modems employ a DPLL to track tbe reference clock which is located ha die 
cable modem head end equipment Theperfonnanceof theDFLLmustbesufBcienttomectthe 
requiiemeats fordigitized voice transmission set foitli in mJ-T recommendntion G.7 11 TTU-T 
recommendation 0.712 gives an SNR oi 35dB to be maintained for PCM signals. This value 
caiMOt be ihbi witfifCM p-law encoding (banning wttii I24)itlinBarsampies)inihepte9eoce 
ofmoie than about -70dB noise. Tbe analysis done fcir the voice over DOCSIS case, accounting 
fof the A/D and D/ A perfornMmce,tuggegti that the outpm clock used for generating th^ 
A/D voice saiiqiUiig clock diould have ajitter of Siis or less in order to iDBet diese reqttifCiiientB. 
Any DFIX employed for clock tracking most be able to petfonn to this level if Q.712 criteria 
are to be met Assuming that the higjiest sanq)led firequeocy m the voice band is 4kHz> then with 
Sns of jitter, a sine wave of 4kHz experiences a maximum instantaneous amplitude enor of: 
20*1og(sin(jns/250/isec*2]t>-Bin(0)}=-78dB, a jitter of 30ds produces an error of; 
20*Iog[8ia(30ns/250Aisec*2ii}-fiin(0)]=^2dB. The existing UPNA MAC inchides a clock of 
64MHz. wMchcouldpiodiiceaJiiterof lS.7n8:20nogIain(lS.7ns/250/aec*2n>-Bin(0)>»48dB. 
One finthef point to note is that tbe CM device cunemly does not provide n stnightfiaiwBid 
g grant arrival times to tbe MIPS con^ These &ct8 point favor^y in the 



timing infonnation. The gcnenl mechanism that is used to maintain timer synchronization 
between tbe CM and the HPNA handset is very close to die mediod used by the CM and the 
headend equipment in the DOCSIS netwoik ~ however, as mocfa of thednmit asis possible can 
be implemented in software. This minimizes the impact to the MAC design while maintaining 
some flexibility in the design diat allows the sytictaonization mechanism to be fine-tuned outside 
of sibcoD deveUmn 



ABAiMtniaH«tviiiit,lh».rMTVV?STO rf/y^lriw«hit>^ 

DOCSIS clodt thfOtt^ the eitchange of ranging messages and SYNC meaaagea with the 
DOCSIS bead end equIpmeoL t»iwt«mpt tn ttiw«»- tnw—g^ am iiw^ttwi hH Mtrt-tpH »f 
the neasqgea leave or enter the DOCSIS MAC devices. The synchronization of the CM clodc 
is maimamfld by a drcnit within the DOCSIS MAC called die Timmg Regeneration Ciicoit 
(TRQ. The CM extracts the timesnm]pfiom the SYNC message as the bits sreaniving off of 
thewire. This timestamp is passed to die TRC, where an immediate comparison to die local 
timestanqi is made. Any difference is used lo adjust a DFLL wliicb controls die local dock 
fw | u cn cy. A laii^ng messagais naed toddcniiine tbe timo^timiyB between the CM and the 
headend. The local clodt is adgusied for dusoifiacL The local dock In die CM is ined to time 
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CM DOCSIS opeiations. such as upstream txansnriasiaiis^ BntCMVoiPopenttiaismtistabo 
tun syndnonoosly to the DOCSIS head end clock, so a product implrammrioa inchides two 
functions which allow for POTS/VoIP convcmon devices (ix. A/D and codec functions) to 
opoate in synchronization with the DOCSIS clock. The first VoIP soppoit function of a produa 
implementation is die export of a clock CTICJCLKJOUT), which is s derivative of the local 
DOCSIS clock. TIC_CLK^OUrU used to drive die A/D samplitig of the voice channel. This 
clock is used in order to insure diat die aample rate of the A/D is locked in fiequency to die 
DOCSIS ckick. By doiiig tills, die AA) aanipling does not get ahead of or behi nd die DOCSIS 
gimds — a doiatifln which would lesuh in lost sanqilea or gqn in the stream of samples. Ibe 
second V(dP suppcat function of a (mxiBct iinpleiiientation is dw eiq)^ 
iiMch indictte the arrival time of an upstream giant which oonc^paads to the df sii Bd fraamig 
interval of die collected voice samples. This gnuit signal indicates the framing boundary for a 
Voice over IP R1T data p»ryirf . whidi is a collectiao of A/D oon^acssed and coded samples. 
An equivalent of diese two functions is exported to die HPNA lJ\N>«ttached handsets, in orde^ 
to all ow die analog portion of die handset to maintain a proper sanqile rate and to allow die DSP 
topacketize a setof samplesm atimdy manner, to avoid additional padi latency. 

The HPNAdevicettoea not need loduplieatediecaLact mechanism of the DOCSIS MAC 
device becanae tbe HPNA MAC at dK CM has direct access to die TICK^XK^Sin* docL 
Thaefore. a subset of dieDOCSB syndirooizatiaD mechanism is implemented for die HPNA 
' LAN MAC device. In addition, (he HPNA LAN MAC mimies bodi die DOCSIS tead end 
behaviorand die DOCSIS CPEbehavior. The HPNA LAN MAC device located at die CM will 
provide a timing reference to die HPNA LAN MAC devices located in handsets. The CM's 
HPNA MAC win mimic die functionality of die head end equipment widi respect to clock 
aoureing. That is, diere will be a mastei/slave relationship between HPNA MAC's in CMs and 
HPNA MACS in handsets - die inaster dicUdes die ciurent time to the slaves. Tbis relationship 
only sliglttly complicates die HPNAMAC time synchronization solution, as tbe same ciicoit can 
easily be made to opetatt m eidxr capad^. Tbe bam acdtitiim is similar to tin DOC^ 
sdntian. A DPUL is inooipaiatedwidiin die HPNA MAC device. flwDPLLisea^yprovided 
asaconqdetedicmtCTiiningRegenentioiiCiicuit). In addition, die Stooodied TICK Clock 
Cenerator drctiit is needed to produce die A/D saiiqile dock at die handset side. Li addition to 
die DFLL. die HPNA MAC incbides a grant timing iodicstioocircuiL This circuit is basically 
a timeatanqi function that operates whenever a grant is signaled by die CM. In practice, it is 
simply a modification to dw existing CM Dnx circuit. A few registers are added to die HPNA 
MAC to mpfon the TRC (qteration, and a few more for supporting the Grant Timing Indication 
cncutt. These registers are fully described bereinbdow. Tbe final modificatioo to tbe HPNA 
MACistotiicludeiipto6newpimtoprovide8ninteifBoeiiitod»newcircuil8. £B&ct,die 
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handsel requires only 2 pins to su]^xst the needed synchronization function. The 6 pins is a 
maximtmi requirement for die timing master configumtion. The timing slave itteds only 2 pins. 
A pief e u e d eoibodiment is that the timing slave provide 3 pins. The pins employed for the 
master functions do not need to be shared widi the pins diat support die slave functions. The 
pins wiM operate diflfenndydepen^ng upon whether the MAC is at tbe CM or at tbe handset. 
The pins pro^ride die fbnctionality dep ic ted in Hg. 78. Hiere is some unaeltled diacusaioD 
siuTDcnding the qoestioncf whether ornot ailditiooal OtBiit Resent hdicaiioM aie nneriBd by 
dwhandaeL That la, ihoidddie handset HPNA MAC be capdibirfpravidiog gnat indications 
for more than one VoIP cotmectioii? Becapse thecunentBroadi 



.the MSI mode of die HPNA MAC device, the 6 pins cim be moltiplexed widi die iqiper AD pins 
of the Pd interface when in MSI mode. K is not expected diat other CM designs which might 
employ die PCI bus would dso include die GrantRcv and reference ckxJc signals used by dus 
interface. It is also not expected that PC-tdephony applications need to be supported, thaefore, 
the liming synchronization function will not be available in Pd mode. One product requiring 
^''^h thf Wf flf tfl'r P^i -P "'H'^* WW^ gf "yHrhl^Tflizilriffll interface im been suggested. Tbis 
product would be a PCf-baaed HPNA caid for a PC, in wtuch an RJl 1 jade would be provided 
toaUowforaatnglBPOTSliiiecamiectkiiiodielMdtefthePC. Tbe card woidd serve a dud 
purpose of pnividing a data oomnnmleadons path fbr die IK: wMIe diowing the oaer to add a 
new VoIP line m his existing set of phone lines. This productimplementation would necessarily 
cost more dian a stand-alone PQ data-only card, since it would have to include die A/D. DSP, 
metnory and miscellaneous ftmctions required to conven die I^TTS signal tt> HPNA. In any 
case, if the reality of this type of product implementation is considered quite likely, then the PQ- 
based grant interface needs to be factored into die pin configuration of tbe PCI mode. In any 
if ^hff nypTf liMy PCM'WW^ giwrt if^^arft sfflnarina ib|pi^-'*'** ""ily hflin^*** "PT^^^^^^^'^i 
. then only tfaiee pins are nee d ed to aiqiply a conq letB enou^ interfiKe. It may be possible to 
reduce this to two pins, if tbe DHL input dock can be bom an existiag. intenul 

HPNA MAC clock. At dw CM side, dw HPNA MAC uses die CM's TICK-CtK-OUT signal 
as die referesoe iiqxjt to die DPLL. Since this reference is already locked to die head-cod's 
DOCSIS dock, no conoctions are ever needed for dw DPLL diat operates in dieHIWA MAC 
at die CM site — it too runs in synch widi the DOCSIS clock. Note diat no attempt is made to 
mate die vahieofdie CM HPNA MAC timer match die valoeofdie DOCSIS MAC timer. This 
is not necessary. However, it wiU be necessary to match the timer value in tbe CM to the timer 
vahiein die handseLTbe qrnchronizedteferenoedock information needs to be traaifen^ 
die CM HPNA MAC to die HPNA handsets wo thai local sampling operations can maintain 
ayndirooizatiao with tbe DOCSIS lefierence. and so that the handsets c 



The transfer of die CM HPNA MAC timestamp to die handset HPNA MAC timers is 
effected as follows. Instead of transfcxiing DOCSIS SYNC-Hke messages widi timestamps 
inaetted/extractEdonthefiy.dieHPNA syndirooizatiai mechanism relies on an iiitemal MAC 
indication of fiamc movement to latch the current time into a timestamp register. The value in 
the repster is read and then delivered in a subsequent fiame to the handset which uses it to 
Biyost its docL 

Tbe CM HPNA MAC de^ is set up (dwoitgb aiegister bit) tobe a tfadng n»ster, BiKh 
that ndy ifauainlt activity is tiiPcataiDped. Ideally, osly LauiBs widi tbe Tiinestamp 

ttwmtf itMrt<|itnrl« > ii/tll rMtm Atm w i*pT A M AP tfmMtMnp tn t» litt»»lwl SoflwaiB in tfae CM 

reads the timestamp following the sending of a firatne diat had die Tlraestanip descript o r bit set 
toTRUE. Software dienconstnicts a TIMESTAMP REPORT message contaitting die latched 
timestamp value and queues this fiame for HPNA LAN delivery to die broadcast address. Tbe 
queue latency is unknown and doesn't matter. The strict identity of the fiame which generated 
the timestampitig event is unknown and doesn't matter, although it is preferable to limit die 
frames which are timestamped. HieiiiediaiiismcboaeoiatDtiiiiestomponlylXfisiiiestliat 
have the LTS descriptor lat set To limit processing le quif e m eats at die teed ve end. die special 
Ti m e stamp Rqwct Message CntM) is defined. Only TOM will need to have ti m e s t amp 
infomiationrBooitled and delivered from die timiiig master. Thning slaves will then be d>]e to 
ignore reed ve timestanqi infonnation from dl but TRM packets. Meanwhile, at the handset, and 
referring back to Hg. 80, die recdver is configured to act as a timing slave, soch that only 
reodve activity is timestamped. Each recdved fnnne trig^ a timestamp to occur at die same 
relative position within a fiame. There is a tradeoff wherein positioning the timestamp sample 
at an eariier location in die fiame (up to and including the Type/UngUi field) yidds a fixed 
offset fiom tfae begiiming of tbe fiame and results in the elimiii^on of an offset ooaectioa. But 
die eariier timcatamp allows ku time for die hsndset'a logic to read tbe tatcbed timestan^ 
before anew fimnepoasiUy overwrites tbe latched value. A piefened method csuses the latched 
d urst amp to be incorpcnted withm die RX status word at each recdved fiame, tberdiy 
eliminating any lace condition. In any case, the timestamp for each lecdvedfirame is stored in 
memory. Assodatod widi each tim e s ta m p is a TRM sequence nundw. Tbe receiver may 
diminate all RXstams word ti m es ta m p s dmt do not conespCTid to TRM packets. Whatiemains 
is a database ofTSM sequence mnnbeis and dieir oorreqxmding RX timestamps. When a 
TIMESTAMP REPORT message arrives, die handset searches its locd database for die 
refe ren ced sequBucenuuilm and f i wniMn es the received ti nwiBtamp witfi the stosed t imr ioi n iBp. 
The difforenoe between die two vdues is used to determine die DPLL enor. The handset 
peifomis afdteringfimctian on die etm. adds die DIU.btas vdue and dwo writes dm Rsulti^ 
vahB imo NOOJNC register 3014. In ovder to maoumize die peifoimanoe of die DPLL, it is 
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rccommendcxIthMTRMpacimbeseminpairs. Tic rate <rfti 

1 pair per «ecomL Pnrai the DPLL, m ootpw cm be fM to the pin 0^ 

codec of the haiKbct and ultimately, the Am sampling 

is lehieved by acceptiiig two TWESTAMP REPORT message 

tolhefiisL TTiBiBoeivcr adopts the ernn-indicaied as an OFFSET value. This value is always 

addedtoxeoeivedttiiiestaiiipsinadertocalcii]ateDPIl.ern^ The DPLL counter is never 

modifiod. SiDwprtoftheDIlitoopisperftmiiedin software, dieoflto^^ 

beperfbniiedihere.TTKCMraVActeki»«anipledMlX)CSISo|i^^ Tl» 

gtaainivaltiiDe«istheDc wi!TmniiriitM toiiidi vi dna1 hW M^ 

to aDow the aasenOjIy aiid qiKoiiig of RIP vote pKketB to be BiiBdnW 

pactes win anive at die CM j)m in tinie for the next tvsoem Packet asaemUy 

oveitgad.qognmglaiency.traiismissiondme.Mid™ 

die gram tiinc in onler to generate a packet assembly start time dwtmsiTO 

die next upstream grant ttttw CM. The medianics of this operation areas follows. DOCSIS 



^ „ d by the cable modem dnoogh the GrantRcvf4.-0] interface. 

GraitRcvt4] ii nsed to indiGatBthemriva] of a grant from die headend. GrantRcv[3:0] are used 
to^^dieSIDwhichooaBspcmdstotheciinertgiinL Each Smcomsponds to a particular 
canuectioDflow.SDchasanhMfividualcaUflow. Hw timing ofiheandval of evfa grant iveds 
to be oammnnicated to die iqjpropiiate handset fa ttderto Mcomplisb diis,tfae5 GrantRev 
Signals are fed to die CM HFNA MAC, mid d» HPNA MACS internal timestarnp vahie » 
latched whenever die GrantRcv[4] signal becomes active, provided dial die GrantRcv[3:0] 
signalsmatchtiievahiesctiiptndictscSlDregisterofdieHPNAMAC. The MIPS core of die 
CM programs die tscSID register to match tte SID corresponding to die call in progress for a 
given handset Once the OranlRcvI4] riming is latchfrf in die HPNA MAC. die MIPS core reads 
• die latdied dmeataiiip and aiibtiacis worn case queuing latency, transmisa 
packa processing time. Il dien sends a (HIANT.TIMESTAMP message to die appropriate 
handset A STOw MAC address mapping exists at die CM in order to allow for proper giant 
timing signaling. This map is conslnicted and maintained by die MIPS con. The handset 
receives die GRAhn_miESTAMP message (an extended version of die TTMESTAMP 
REPORTmeasage). The handsrt adds N*T time units (N=integer,T^TP packet period) minus 
packet aaaonbly processing latency to die timestamp fhm die message in onto 
time diat is in die future. It dien loads diis time into die GRANT^TTMB register so diat die 
HFNA MAC can prodooe a graat-^ync output to die codec at the q^raimatB time. Whendie 
TRC readies (BtANT.TIME, die GrantRcvt4] signal is asserted for one dock pulse duration 
and ORANr.TIME legiiter 3030 is automatically utcrememed by die value in 
ORANr_PERlODregi«ter3017. AiegisterhttexistatodiMblethei^neiatiooof gcantpolses 



on OrantRcv[4]. A safety bit is used to iridicatc diat die grant tiiTK has been indicated, in on^ 
to prevort die case of a grant dine haviiig been passed before it was programroed, and hence, no 
gmntstgaabewerbdnggBoemed. Tbeaafay hit would be a register bit thai changes fitim a 0 
to a 1 when die graiit dine is rigitakd oo die ooiprt pin, and which can only be reset ID 0 b^ 
software. Notetfial die timing master muil switch between iMnamitaiidffant^ 
latchiogopentiona, TTwintplementatioomayfaidndBeidierone latch diat is switdial^ 
die two fimctions. or two latches to satisfy bodi requirements. Tlie racetve frame timesiamp 
latdnng operation may share one of die latches mentioned, or it may be aepante. 

RefiaringtoRg. 79 die PINS assodated widi HPNA MAC chan^ are depicted. The 
device is either a timing master or a timing slave, but never bodL Therefore, die maximum 
number of pins required for eidier mode is 6. This requirement is for die timing master, where 
die MSI mode ia expected to be emptoyed. Newly defined 
provideed. These tpgisteis do not cacKi widi die TRC ciicDit 

NOOJNCtliO) written wididiefihereddifmeuLebetweenslaveBndmastertime 

plus NCO bias vabe «1ien tiKting adjustineats ate bong maite 
todwDPLL 

'"'^'^^^ determines which Grant{4]inp« pulses will cause a timestaiiq) 

latch event - latch events only occur when 0rantf3.O] matdi 
tscSID[3K)] AND GraQt[4] is asserted AND tMaatettMaster is 
TRUE AND sGrant is true 

C»ANrjnME[l5«] eonteina a time fltat is to be matched against die slave time + 
offset_aiynst When amatcb occurs. Grant(4] output is asserted 
for one dock poise and tfw vahie of QRANTTJIIME is 
automaticaDy in c irm r aii Bd tbo vahie of GRANTJ^ERIOD 
(multiple registers u sappott multiple channels?) 

GRANT_PERIOD[15:0} (fixed at lOmsec. so not needed?) 

IX^HMESTAMPISIK)] contains timestamp latched as a resoh of a transmit event (eg. 

preamWe transmitted AND TIMESTAMP bit of TXdescriptoris 
TRUE?) (shared whfa ORANT TIMESTAMP register) 

RX.HMESTAMPP1K>] contains timestanqi latehed as a lesult cf a receive evem(e.g. 

DA^CASTT), die lower 16 bits of diis vahie win be 
automatically stored in the RX statin went 

V.^CALEr7K)] walingvahietobcappHcdtodietiniestimipdocklnonterto 
produce the required A/D voice sampling clock 

TS^SCALERrO] scaling value to be applied to die NCO output clock in order to 

create a common Timestamp dock fiequency 
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MisoeQanecus register bits could gp into existing tegisteni if neettad. 
EN_REF_OUr when set. tins hti enables die V_CLK^OUT and GiBntI4:3] 

drive fimctions. This coDtnd bit only caws dnephu to 

become outputs when die Gbq> mode is MSL 
S_EXT_REF_CU: when set, die TOCdrcuit input reference clock source is the 

DPU,_REF_CLKpm. when reset. tiieTRC input clodtsowce is 

mtemal to die device 

used to switch between latchiiig timestanqi on transmit signal 
instead of leodve signal, defiault value is fMasteiSMasler s 
TRUE 

nsed to switch between latdnng tiiM-«t»nnp qq GtantI4] tignal 
instead of on transmit rignal 

needed to make sore diat die FismctO] signal was actually 
asserted - die slave controller may have set aORANTJIIME 
diat was not sufDcienUy far in the ftiture, due to piocessmg 
latency - if die GRANT.TIME value had already been passed 
whoi it was loaded, diea no grant signals are being generated 
extenaUy-dds bit can be nsedto verify diat die GRANT.TTME 
vahe has been laadied Os tins necessary? - our only timing 
problem would be die cycles between recavfaig die 
GRANT.HMESTAMP message and calculating a fntne time, 
dien loading die GRANT.TIME register...no qoeumg latency is 
involved). This bit is resctl^le by die host 
when set, tins bit causes die V.GLKjOUTnaixtonae die DPLL 
output dodt dimctly, widwot paaaing through die two imegar 
dividers. 

lAed to sdect die NOD ootpot, or die second integer divider 
output as die dock wfaidi drives die Timestamp coimier. When 
diis bit and S_REF_TS are bodi set to 1, dwn die NOO output 
clock is used to drive die timestamp counter. WhendrisbitisKt 
to zero and die S JIEP_TS bit is set to one. diea die tecood 
divider ou^mt is used to drive die timestanqi counter. Deftidt 
value is ONE 

Used to select between die NOO refcteocc dock ii^nrt. or the 
oopot aide of die NCO as dw clock wMdi drives die tinsstan^ 
ooumer. When set to 1, Ideas die NOO reference dock input as 



SJ)PUU_OUT 



S_NCO_TS 



S_REF_TS 



die source clock for die tiftM>f«^ counter. The ti ^ 

counterinustfaaveaiefaBlioecloGkii)pitof4j096MHz. De&nh 
value is 2ER0. 

NCO_RESET When set to one, diis bit causes die NOO counter to he reset to 

xOOOOOOOO. The NCO is not nranally reset, even during a hard 
leaetofdiediip. Hielackof anaoiralresetfordicNCOisto 
insure diat dMR is alwqn a dock output at V.CLK^OUr. Tlie 
use of dw NCO JtESET bit ihoukl be lesbicted to test 
enviiuiumits, since it is likely to. cause a gjitdi on the 
V.CLK^OUr signal. Note dm NCOJIESET MUST NOT BE 
TIED TO PIN RESET, since diis would prevent V)CIJL.OUT 
fnmi running during a board reset 

TX Deso^Mor bits indude: 

LTS I^TIineStampicaiiaeaatiniesiamplatchevBntonOmsmitfriBneswhendiisbit^^ 
tol. 

RX Desdiptor bits hidude: 

RXTS{31K)] 32-bit receive timestamp value 

Fig. 80. which, depicts components of an embodiment an HPNA TOC dreuh in 
acccHdanoe with die present invention, is now described in more detail. Adder 3010, reference 
docksignal 301 2 and NCO 3014 are provided. An oiuput from die NCO 3014 is fed into mtcger 
divider 3016. Uris clock in die slave device gets divided down » 8kHz (V^dJCOUD 3018 
ainoe it is running at nmch higher speed to nnintnn an accinaey. Tile VjCLBLOUT f 
sanqding drcuitiy of dto CODEC. Tito software makes a dcttnnhiatian as to iri^^ 
is rmming fast or slow via SNOOP_BUS 3020 which is located inside die tnnucdver which 
aUows die software to communicatB widi die hardware, fbe Pd bus writes a vahie to register 
3022. Synchronizer 3024 is provided to make sure diat die diange in legista 3022 is 

synchronous to die NCO 30 14. The otxtput clodc gets speeded up or slowed down depending on 
die vdue loaded hito register 3022. ITie software looks at die timestainps tiua are reed ved at die 
stove and deteiiiiinea if die slave clock is rimning dow or fast It makes an adjustracnt 
register 3022 vahie whidi adjusts die speed of die NCO 3014. It does dris typically eveiy one 
secoad, or whatever time ia DBoesaary for a defined aceun^. 

llwe are two odw aspects on die recdve side forthc slave. When die packet coiBBS in. 
every pocket creates a signd which samples d>e current vahie of die timealanv dock which is 
running based upon die DPU. The sampled dock is prt into a itiucnjre dial is associated widi 
dierBCdvepadcett.EveryrBcdvedpadcethasdodEtiniestianpassodaiedwidiitTliesof^ 
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the muter tnd from those it can look to see what the limB it received chose pactes wn and it 
cai lee vAu tiine the masto-iart thenL The mssiEr win have tent B pseke^ 

sent, get B timestanq} associated with it. The software goes and reads the timestamp and puts it 
into a follow-up packet The protocol involves the sending of two packets. The fint packet bam 
the master gets a ti m e s t any ttoied locally and the packet goes out without having a timestamp 
included in it It makes it across to the conveiter. The converter takes a riTTi«;t«Tnp on die same 
packet Both the master and slave have taken a timtstmp. However, neither knows what the 

foUowHippacktt and aendsit along. TTiefbllowHy packet doesn'teettimestamped by anybody. 
The foUow-up packet anivcs at the stevedevica The slave device now has the dmo that the first 
packet was tent out and the ttine that the fiist packet was receivedL Once Ast information ibe 
slave can then tee the difTenace between them. 

The gtant timing that is determined &om the DCX^IS netwoik is delivered directly to 
the transceiver for the HPNA. That information is gathered by the timestamp circuit on the 
master and iagvt to the drcoit via Grant(4)ttming signal, with S^GRANT enabling the path. 
Chant (3K)] allows multiple different grant tdcntifien (one of sixteen) to be aekcted. When (he 
intenssted in gmnt identifier aees it's gnnti that latches the timestamp. Tbenfon, when a gimt 
ooouis there is > tiiiwiMaiup aisociBiBd with the gnmt >t (he The *" then reads dnt 
tiiiiMtmfip infannation, puu it into a packet and ddiven dwt pe c h rt with die ginnt timeitainp 
tdeotifieiB asso c ia t ed with it to all the nodes. The node aasoda te d with diat paiticular grant 
identifier picks up the infomiation and now it knows when its grant oocimcsd It will have been 
able (0 relate its time to the master's time by looking at the o£ket between the time it lecdved 
according to its clock and the master's time. For example, using human time diffnentials, if the 
master indicates that it sent a packet at 12:00 o'clock, and the slave indicates that it received the 
packet at 3:30 o'clock, it knows that the two ckxks differ by 3 M boots. Since it knows that it 
is 3 14 bean off. then when dw master latdws a grant time in its tim*g»atwp ngister, when It 
deliven diat tiiiie the dave then knows that it needs to adjust die dme by 3 M hams to make it 
updated to its local time. Once it knows the local time of the gnn^ then it at^usts diet badcwaitls 
by die dme it needs to assembte die packet and deUver it cm die HFNA aetworit It works 
backwards to figure out what the latest time is that it should send that packet oat of the networit 
it puts that time mto a GRANTJIIME register 3030 and when the local time in the slave 
matches at a exclosi ve^R conqKoator 3032 an output signal Frsme[0] is created which goes to 
dw voice CODEC and tells it to deli ver 80 samples, fai fact, dw signal Iramelp] can be sent to 
any portion of the circuit which is making die actual dedsion as to when to call a set of 80 
aaiiTplf.it a fiame. Theenc Bii als oau tranatic ally lydatea the giait time period iate» eg., 10 msec. 
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die gtam time end lOmsec later anodier match of die giant tiinewidi dw cmieitt kicd ttw 
die ftiming signal win be created again. 

Of note is dtat the NCO error input is calculated by die device driver. The BIAS is added 
to the error, and the driver writes the resulting value to the NCO_lNC register 3022. The conea 
BIAS value depemis upon die V.CLK^OUT frequency requirement for the specsTtc ^Ucation. 
The V_CLK_OUT signal must be square (50% duty cycle). The V_CLK^OUT signal will begin 
with a default rate at power up. During RESET, die rate will be fixed. After RESET, the 
BOftwaie will write values to vaiioiis coidiid bits diat inay cbangB die rate of (he V.CLE^OOT 
signal. These changes imist not produce glitches on the V_CLK^OUT aaxpal The ciicait as 
depicted allows VjCLSjOUT frequencies in die range: meat DC to lOOMHz. However, 
because of the reqn ir einent for the timestamp to be nnmiog at 4.096 MHz. an additional 
requiitemeot must be placed on the V_CLK..OUr signal. Hie VjCLK^OUT signal must either 
be a ratio of integers divide of 4.096MHz, or it must be arotio of integers ooultiple of 4.096MH2, 
where die integers must be in the range of 1>255, inclusive. This should provide suflicient range 
of V.CLK^OUT operation for all expected q^lications. The accuracy of die OPLL decreases 
as theooqiutfiequeacy is reduced because die rounding eirar remains oonsUmt in magnitude, 
white the comrol word vahie decreases in msgnitndr ForadtiectoonvwBionof 200MHzto 
Sldb. die ooDtroI word for a 324bI DFLLis 29F16b which produces a zounding enor of 4ppm. 
If dns lomdiQg enor is unaecqitalde, dien any of seven! remediadon steps can be taken, 
including, adding Uts to the DFLL register. Adding 2 bits to the register changes the ecrar to 
l.lppm. Anodier option is to perffsm less conversion in dwDFLL, then feed die DPLL output 
to a divider to get the final output It turns out diat additional divide steps are requiied anyway, 
because a fixed rate clock is required for the timestanq> function. The fixed rate for the 
timestamp is chosen to be 32.768MHz. (If the timestamps at the master and slave differ by a 
power of two, this would be acceptable, since software could accommodate the difference. 
Soine other integer neladonships are easy to adapt in a siinple CPU - for example, the fictor of 
6 is easily obtained by two additions.) The chart set font in Hg. 81 shows the jitter in the DPLL 
ou^ iriiBn the l e f ecence clock is 200iMHs and the DFLL output dock ^a^XPl]) is 
32.768MHz. ThejittervaiianoetS't/-2Jnsflnddiefieqaencyofdiejitterisafaout3.3MHz. Tlie 
jitter fiequency is well above the audio range, and the •(/-2.Sns causes noise that is below -70dB 
in amplitude, thereby allowing the A/D to achieve the requiredSSdB SNR requirement of ITU-T 
lecommendation G.7I2. Lower fiequency components do exist in die jitter waveform, but die 
amplitude of dieae con^Kments is slgnificandy lower than die 3.3MHz signal. The offset of the 
jitter shown in Hg. 81 is corrected over time by DFLL frequency adjustcttnts, such that the 
ofiaet win ultimately vary around 0. 

Rebning back agam to Rg. SO. to determine die master Anestanq). DPLLJiEP_CLK 
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3040 is a fixed clock provided for register 3014. B is conndered the "master dock" to which 
other devices are to be 8ynchn>m2xd. After dividers 3016 and 3019 divide the signal fiom 
register 3012 to provide TS_CLK 3042 which drives timestamp register 3011. which is die 
Booioe of the timestamp far the packet The output of timestamp register 3011 is provided to 
TK.TSTAMP register 3044 whicb takes the tinie.staTnp in leqxmse to its EN becoming active. 
EN faecomBs active iiriien TX^jSXO 3fM6 is asserted at a fixed pomt in die oansmission. 
die end of preamble. The ooqwttf T7LTSTAMP roister 3044 is made available to softwaR 
i bh ^ m Ji legisier access on die device. 

Still lefeimig to 8(K on the slave side receives a packet The tiiiwwtanip at iBcepiioo 
has no known relationship to the master timestamp othei- than counting at the same rate. 
Analogous to die timrsiamp operation desoibed above, when RX^SIG 3048 is asserted at a 
fixed point in the transmission, e.g., at the end of pteamble, which agrees vnlh the master side 
fixed point, which enables the load operation of RX^TSTAMP 3013 of whatever is then in its 
TIMESTAMP register 3011. The output of RXJTSTAMP register 3013 is similarly made 



Referring bock 10 die master a^ett of Kg. 80, die tt 
output of TX.TSTAMP 3044 

and puts the vahte into a snbseqnent padcet and sends die padwt along to the slave device. The 
dave device receives the tent packet it reads its latched ou^ fiom RX-TSFAMP 3013 and 
determines when the evmt occurred on the receive side. 

Referring again b> Rg. 71 , die relationship is shown between when a packet is told diat 
then: is an oppcmunity to transniit on the asyndironoua network and when the packet is created 
and queued onto die transmitter's asynchronous MAC device. Time point 3050 depicts the 
transnut afqnitunity on die esynchraaoos network. It invdves addmg iq> the sum total of del^ 
encountered by the creation of the packet at the slave dewce on ttie asynchnnous network and 
its delivery to die DOCSIS MAC and transmissian on die DOCSIS networic. The ti 



between time point 3050 andtiniepoim3052 is diedd^dut occurs widnn dwcabkm modem's 
queue. The timespan between timepotnts 3052 and 3054 is die time it takes for die cable modem 
to process the fiame. The tiinespan between tiinepoints 3058 and 3056 is the propagation delay 
for the HPNA MAC. The timespan between time points 3058 and 3060 iiwludes queuiqg del^ 
and any wfflt because of transmission activity on the «dre. Given the Itiiiespans the slave device 
creates die packet to align with the transnut opportunity. 

in a prefeitedcaibndliiieiit, LAN deliveiy latency is Impioved by copvetting the typical 
collision tesoladon algoridun bom a iindam assgnxnem to a fixed backofi; as ni aecordance 
with the present invention. The collision resdndon olgortthm provides a nodom nixtnlier(0^ 1, 
2) after havieg a collision on dw networiL llie indam number is used to bidld a tiee of all die 
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colliding devices until diere is established one branch of the tree diat has only one device on it 
and he is then fite to transmit without experiendiig a collision. By having the timing master 
communicate tree branch information to each of the devices that wish to participate in 
synchnmous tirriing, and assign the laiidom nnmben to choose when there is a collision, ahead 
of time, die master in effect has established a tree resolution with the mininmm number of 
collisions possible. 

Refonng egain to Hg. 80, NCO incrementer 3022, in response to enor ir^ fiom 
software, fibeted an biaaed by softwan, adjusts die feed of the ooom of NOO 3014. TUs he^ 
cotnpensatefwdriffagfieqoency between slaw and master. Widi NCO incre i nem er 3022 set 
to the nominal reset value, NCO 3014 halves the frequency of die DPLL reference clock. 
TS_SCALE register 3070 and V_SCALB rcpster 3072 along witii integer dividers 3016, 3019 
are used to allow at the slave side difierent crystal frequencies diat don't match the crystal 
fiequendes at Uie master side. The outputs fiom NCO 3014 and dividers 3016 and 3019 
provides clock 3018 which feeds the CODEC clock which takes samples of die analog stream, 
the dividen hewing creaieaslowerGlock forthe CODEC. Rmher, signal Rbdb [0] signal 3074 
is also piovided to die CODEC to intficsie to die CODEC when to slice ofifa set samples for 
paeketiza H on. based upon die ttmsnrit opportunity times as to when t set of samples is to be 
assenibled into a packet GRANT..PRD register 3017 is loaded widi signab representative of 
the periods of the tnmsmtt opportunities. When GRANTJTIME master 3030 initial grant time 
loaded becomes die same as TIMESTAMP register 301 1, a true compare output is provided to 
enable a reload of GRANTJTIME register 3030 to reload gram time plus grant period ou^ 
from 32 bit adder 3076. With the computation of the grant period offset, the next transmit 
oppoctunity time in the future for a transniissioa to occur is provided, and signals die CODEC 
that a time Inu arrived to assendde a padtet for queuiiig for transnustion. 

SdD refeniiigtol^ 80, widi regard to die master side operation SjORANT signal 3078 
is an enabling signal and Giant [4] 3080 is lecdved fiom dw DOCSIS side of dwnetwod; a 
syncfaionoastimingemnt When dus occurs dwcuireiittimestanipislalchedintDTXjrCT 
register 3044. 

Referring to Hg. 82 a bmited HPNA TRC embodiment is shown. This in:q)lemmtation 
will allow a dmins master lo be fully implemented. A timing slave will require an external 
DPLL and external grant signaling logic or a software approximation of giant signaling. (A 
soAware approximation of grant signaling would mean that software sets a timer to be 
interrupted when die next gram time anrivcs. The timer is set based on a read of the current 
i ii iiP i S i am pascompaiedagsiiisiiheexpec t ednflxtgiauttiiiie. Tlw software wouldcitlieriiddate 
the ftnning and queuing pRicess uptm iiuenupt, or it would generate an ouQwt signal through 
e pin to cause extemal logic to^ocate dw ftame. Theaocoracyof dwgnni 
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dnnog on the slave device is not as critical M that reqimed for n 
since the qaeohig mid cOTtention deUy$ aie voy highly varia^ 
haw a single input, whidi is the DPUJlEF.aJC In the embo^ 

piiisans deleted h a timing slave confignration, the DPLL can be extemaj to the ctevice. The 
PINS and variooa Bit Locations ane depicted in Rgs. 83a. 83g. A new TX Descriptor bit for the 



Bit 25 



LTS 



LatchThneStamp: causes a twneirty iTip istdi event c 
frimes wfaeo Ibis bit ii set to i 
New RX Descriptor bits for the embodinKm indude: 
Byte 27 rxTiiQeStainppl:24] MSbytBofnTlineStaBap 
Byte 26 fxTnncStainp[23:16] uppermiddlebyiBof nTuKStamp 

Byte 25 rxrimcStampl 15:8] lower middle byte of nTiincSiamp 

Byte 24 rarimeStanip[7:01 LSbyteof rxTimeStamp 

The drcuit embodiments in acconlance with the present invention require softwaie 
OGoliDltocanqdeledietiinhigqrnchRinizattonfuDction. With the same cinniit,HPNAneiw(Kk 
nodes an flUe to operate as one of two types at any given time. Nodes will ddier ftmction as 
atimiiigmaaier.orasatinimgslBveL There may be moR than one timiqg master active at any 
givoitimeoaapaiticiilsrHPNALAN. Timisginasier and tiiniiig slave nodes have difbian 
e serviced by softwaie miSffeiiiig manners. Hk behavior of the 
e algorithm for each type of node is described heteiiibelow. 
Hie timing master win peifonn the following tasks: 

1. Liitiaiize the device as a timing master 

2. genenOB pain of TRM packets at 1 second intervals 

3. geneniBapairofTRMfaiiespoasetoBfeceivedTQKd 

4. ePaaateaTOMinnqiaiselotheeitabUshiiiaitof Biwwcfaamielforagiven 
address, or mreqxmse to a received TSM(TRM in this case does not need to be a pair) 

5. genente a TRM with the lost-lock tndicadon when lock has been lost at the 
Modem or odier sonree of reference timing tnfwmatiai (such as a DSL modem) 

To initialize the timii^ master, the tMaster Wt of the control register is set to fcm» flK devi^ 
ID qieiate as a timing master. The sQrant bit of the control register is reset TRM sequence 
number space t xOOOO is initialized, TRM pairs are sent using a period of at most one second. 
TRM pair generation is as follows. A TRM message is created with TRM.typeaxOO and witfi 
lllMSeqNum set to the next imtned -IRMSeqNum. lYcvIKMSeqNum is set to xOOOO. 
Timestanqiis8ettox00000000.KuniGEantsis8cttox00. DestinaliQn address is fixed as fiie 
broadcast addtess. Ibe TRM is queued m the TX qoeiie ofthe embodiiaeot with die LTS 
descripbw bit set to 1. After the TItM is rqwrted to have been transmitted, dw value latched in 
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witii a dtlfenm value depending upon vbeOiet the device is attached to a BCM3308 or a 
BCM33S0 cable modem device. BCM3308 SID values are positionally coded in the tscSID 
rqiisier. e.g^ SID vahie of x3 cooe^onds to tseSID value of x8. SID values are dinctly 
R^eaeniedin dKlscSIDii^ster.e.g., Sm vahieaf xaaHK^ondslotscSm vdneof x3. 11^ 
needs to be an indication fiom the ma s ter l efateo c e clock source indiotiiigalw When 
dus occurs, the master follows the same procedure as for sendrag TRM pain, but with the 
TRM-type set to xOl instead of xOO. 

Timing slave devices win receive clock and grant timing inf orauaion fiom timing master 
devices. Timing slaves will use diis inframation for two purposes. The clock infonnation will 
be used to keep the local dock locked to the master dock. The grant timing mfonnation will 
be used ID determine when to £came a set of wnoe san^iles and send die fiame to the cabf. 

There an sevend local varidiles to be sundatned by d» slave iofhvaie. They 
NCXLBIAS ^he nomnial divider for die NOO diat tiattdales die TOOtSHz lefetence oyatal to 
die timestanqi dock fiequeacy (nommaOy 32.768MHz); SLAVBjOFFSBr - the cfieEeicace 
between themasterclockthnestan^ value anddiesUvetinKstampvahie;Fieqttency_a#i^^ 
- the long-tcnn estimate of the slave's frequency c om C i um the master reference smoothed widi 
a filtering function; integralor_gain - coefficient for smoothing of the &oquency_adjiatnient 
It - the mstantancous adjustment to the slave's frequency error from the 
s, multiplied by die linear_gain term linear_gain - coefficient for smoothing of 
dxs phas^adjustment teon. The detaikd leloiioiiships of these tenns will be explained 
heiembekm. The timing slave is hdtialized 88 follows, the tMaster bit o^ 
is leset to fon:e die device to opene as a tixtmig aUm. llw NCO_BIAS is set to Ifae vahie of 

Km nt A« ~ 



wherefnueqnaltotfiedesindTlnestanipftoquencymMBgahertz. is fixed at 32.7668 for 
dus appUcation. Wth tins value far «n. the NOO BIAS b a X29F16B12. The 
frequency_adjustment is act toZERO.Ihe nitBgiator_gBn lenn is set»0.02 flBD xxxx). The 
ldiase_a4jistment is set to ZERO. The lhiear,j[aio tenn is set to 0.90 (TBD xxxx). The 
SLAVE^OFFSFT is set to ZERO. With regard to initialization of frequency.atQustnmt, m 
onler to aUow for frequency synchronization, the timing slave device incorpoiatBa a DPIL. The 
DPLLrefereoce input fuBanoniinal&Bqocncy of 200MHz. The reference dock drives an NCO 
whidi yields a clock with a reduced fiequency whidi is intenrkd to track the master's dock. 
The hntial BIAS vahK for the NCO was calculated baaed on die assunqition dm die lefenn^ 
dock is at eucdy 20QMHZ and ihe laaatar dock is lumriiv at exactly 32.768MHL 



the TX.T1MESTAMP legisier is lead. A new TRM widi TRM_iypc=xOO U orsatcd witti 
TRMSeqNnm aet to die next omiaed vahie. PkevHtMSeqNom is set to the valiK of 
IHMSeqNhm in dw fint TRM of the pair. Tmestamp is written with the vahie of 
IXIIMBSTAMP that was jiBt lead from die embodinKot NimQiaidaissettoxOO.DPPQ 
priority of an TRM is set to 6. The second lltM in the TX queue of the enAodmnit U queued 
widi die LTS descriptor Ut set to 0. The reoeptiao of a TQM is a leqnest by a tinting slave for 
the immediate tiansmissian of a pair of TRM The master responds by immediately executing 
the TRM pair generation p mowfar c The normal 1 second periodic timer is not distmbcd. A 
TRM may inchide Grant Thnmgmfonnation. Not aU TRM are required to indndegnmt timing 
mfioimatiao. A TRM iiridigmt timing mfomiatiOD is generated m response to either of two 
events: (1) a btescy-sensitive seroee flow is initialized (eg. a VoIP cmmwninn u .-^tnMiiihfd); 
or (2)aTSM is modved h ettfier case, die TRM is ooostiiicted b du Mlowng manner, 
Giant tinting hifamiatiaa is obtamed. The timmg master keeps a list of MAC acUiesses and 
tijdr associated Sffis. SlDs are Service Flow ID's dm are assigned by UiecaWe modem head 
end eqmpmmt when the VoIP connection is set up. The caUe mocfem software must tiadE all 
onrendy active SID values and keep a table which assodales each vahie witii an HPNA LAN 
MACaddress. Whai a TSM is recdved, die tiiriingrnasterrnust get all cfaanndlD's associated 
witii dial MAC address and flien gatiier grant timing information for each channel ID. Gnmt 
Tinting infiimatiao is otaiiied dnougb the foUowiiig meid^^ 

wtstandmg LTS bit remains set m the active TX descripCDrltsL A sdected chamwt ID (SID 
vahie) is placed into die tscSlD legisier of flw embodimeiit. The cunent vahie of die 
TXjnMESTAMP regislBr U lead and stored. The sOrant register bit is set The driver waiti 
lOmsec (or whatever time is appropriate for die given channel - dw wait time is equal to die 
period of die traffic flow). The driver neads flie TX.TTMESTAMP register and oompaies it to 
djc stored value. If the vdues differ, dien die driver assumes dm a valid timestim?! has been 
captured for die selected SID. If die values are Uic same, dien die driver waits for the period of 
the flow and reads die TX_TIMBCTAMPi«ain. The sOrant register bit is deared 
constructed as fonows. A TRM message with TRM_typc«wOO and with TRMSeqNum set to the 
next mmsedTRMSeqNtnn is created. FkevTRMSeqNtnnissettoxQOOO. Tmiestamp issetto 
xOOOQOOOO. NumGnnts is set to xOL Destination addiess is set to the broadcast address. 
MACAddr is set to the MAC addiess of die leqoestiitg node. ChanneUD is set to die 
appropriate channel ID. Gtimestamp is set to die val ne read from the TX_TIMESTAMP register. 
The LTS bit of die TX descriptor is set to 0. DFPQ priority of aH TRM is set to 6. The driver 
maydiooae tocollcd grant timing iitformatioo for multiplechanneUD's foragiven MACAddr 
before creating a TRM widi grant timing information. However, it is best to deliver die grant 
timinginfonnation fiwr any chamid as quickly as possible. Note diat die tscSIDregister is loaded 



dK actual reference dock value is only nominaUy equal to 200MHz. The typical ciystal 
supplying die skvc reference timoe has an cnor of +V- lOOppm. This error offset is measured, and 
die NCO-BIAS vahie rmisttiien be corrected fortius error. The local reference frequency error 
can be measored directly by simply comparing die master's TRM interval measurement with die 
Slave's. WheoanyTRMpairarovBs.tiiemasterwinindicatediecunenttinie. Witiitaiowledge 
of diemastertimB&omapnvioosly4eoeivedTKMpair,itispo8sibk for die slave to detomhie 
die amoimtttftimefliat has passed. assuriuQg dot die inastei's clock is conect TheodieslBve 
can exanone its own estimate of die time that has passed doriitg ditt same mtenial to ddennine 
the local eirar. If M, is die master timestaoqi at time and S. is the slave's timestanip vahie 
at time T,. tiien die following equation describes dtis method: 



Sirice the error could be quite srriaU, the skvewiU have to wait for a king enou^ period irf time 
toaccuralely measure it WdidKtimestanipaccuiacyat30.5ns(ateachend,uatng32.7(i8MHz 
as the timestaiop dock), each rqxmed timestamp can be inaccotate between 0 and 0:06osec 
Assuming a lequired tracking cnor of less dun Ippm, die slave would have to measure die 
master/slave time difference over an interval greater than 0.06Ai5ec/lppma0.06 seconds=^ 
naffiseconda in order to insure diat the frequency error had been measured togteatcrdian 1 part 
in 100. Le. after 60msec. dw fiequency drift error contribution would be 6usec and the 
measurement CCTor would be -Q/-K}.06asec. It is ooovenient to wait much longer dian dus, so that 
dw error coittrihutioodn to timestanqpiesdution is greatly reduced. If dw sbve waits dw 
nonnai I seocad TRM iateival, dicn dw nwasuremeat einr is very sniaU coiopared u ttw 
maximum dssnedtiaddng error of aS2ppni. Cnwnwasmement error falls to dianOiOfippm.) 
hi any case, d» fint step for dw timing slave is to wait fw dw arrival of fwo paj» of TRM 
When dw fim pair of TRM arrives, dw timing slave stores the mater and slave indicated 
timestamps and waits. Cn« first TRM of dw pair yidds a slave timestamp.dw second of dw 
pan- leveals the master timestanqt for dwsanw event) When die next pair of TRM arrives, dw 
slave cakulstasthe Slave frequency enor as described above. A division operation is necessaiy 
fur dw cdcdation. bnt dw divisirai only needs to be perfonned during hritializatian. The 
operstioQ is not time-critical. The fiequen^ eaoriweds to be tnnslaied to an NCO BIAS 
adjustment vduemonhr to allow dw NCO to be adjusted to dw proper fiequency. Theiesolt 
is dw initial vahw for dw fieqnency«yushnent variable: Reqneacy.adiDsnnents 
NCO JIAS*SlaveJreqnency_eiior. The mtegnMxUsm tenn is not applied timing the 
initidizatioo step. The freqiwocyjKynstment win be added to dw NCO_BIAS tenn and dw 



|4iai^_^d!iudii»it tam to crettB tin NCO coimol 

msster tisdng lefacnce has kndd non^zera memderiiig oonipoiiait wiucb i« due to Oe eaUe 

modem's attempts to mantain fiequaicy lock to the head end timestanqn. Once the cable 
modem's clock is locked, this meandering should not exceed aboot Ippm. The emir is smaU 
enough to ignore duxing the initialization step - after initializatiOD, we can assnme that the slave 
and master axe closely locked. The remaining cnw will disappear in a short time during the 
tncking phase. Timestamp acquisition is the process whereby the H m ^ g slave <tet»*rmiryff the 
relative of&ct between the local time and Ae master time. Timestamp acquisition at the timing 
dave nodeii perfoimed as foUowi. Ooce the &equency_adiustmeiit has beoi faiitEalized. the 
master and slave timcsiamp ckieis are declared to he in sync. Therefore; the indicated master 
and Blan« thnestamps for ilie second lecdved pair of IIU^ 

freqaency^adjustment vahie give the nominal dock offset This offset is stared in the 
SLAVELOFFSET variable and is used by the slave to calculate any needed rtfercace times. 
SLAVE_OFFSET=S, - M,. The SLAVE-OFFSET vahie is not used to modify the DPLL, nor 
is it used to modify the slave's timestamp register. SLAV^_OEFSET wiU never be updated, 
because the DPLL win attemitt to track the master timestamp and b!q7 the offset constant Any 
inaster time that is signaled to tbe VdP ciicdt (cttch as a grant hulication ^ 
wiD be converted to an equivalent slave time first by adding (he SL\VE_OFFSEr value, and 
then die sUw time wfl] be rignaled to to VoIP dicoit Note that ante 
the timiiig stave will Rtitra a timestamp for eveiyRXfiame. The timing slave peaeivea die 
timestanq) which conxsponds m the most recently received TRM frame in Older to be abb to 
calculate mterval durations as needed. Ihe hntial phase_adjostmeni that woidd be ewlmlat^ 
from the second pair of IHM would be zero, because dw master and slave are declared to be 
locked in phase at that point in time 0-e. at initial sync dme). As a result, diere is no 
phaae.adjustment necessaiy omil the diird pair of TRM is recdved - and even then only if a 
measiaablearor has accumulated. So the initial value (rf* die phaseLadjustmenttenn remains 
SRO. The initial NGO control void is calculated widi die inidal fieqtiency_adjQstmem and 
phase.adjustment tenns akng with the NCOJIAS vahie: NOO.Contn^OOLBIAS + 
freqnency.Kgustment + phase jadjustment Ite NOO_Dontnd wont is wiittai to d» NCO 
contra] register at the oompledon of the hntializaiionstq). hi dwBCM4220,lheNCOisaot 
implemented. The NCO control register is external to die device. The tiaddng fimctioa 
measines the emir from the most recent TRM interval and then attempts to conect for that eocr 
in the next TRM interval. The error is conected by modifying the frequency and phase 
adjustment tenns based on the ctniem emff and then updAiag the NCO conmil wonL 
the airival of any TRM pair, Uk current slave timest a mp emir is determined: 
Qnud«we.«RoisS.-M,-5LAVQ.,OFFSEr. Where S, is die slave tiinestanq> frir die o 
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The timestamp clock frequency is 24.57<SMHz. 

Hie nominal TRM interval is 1.0 sec. 

Hie linear gain is 0.9 over the nominal TRM interval. 

Hie integrated gain is 0.1 over die nominal IKM interval. 

Hie number of TRM pairs diat airive at die slave conecfly is 95%. 

Hie jitteiin die masterclock is ■fZ-lppm um e sp uucting BigDa,uaingnQnnaldistribmion. 

HtM tntervaJ jitter is oonected in phase and fr eq u e u ey a^nstments. 

Ihe stnndaiim modeb a master clock jtUB- wbKh is pra^ 

in reality, sinoe dw master clodc win be CRsied by a DFLL«4di oooecdoo intera^ 

(MAX), while die simulation assumes master clock oonections which occur at 1 sec intervals. 

In the real system, the hitler conectioii rate for the master dock wiU likely cause smoodung of 

die master dock jitter as observed by die slave. Also, it is expected diat die CM dock will 

oootaiamudi less than 1 ppm jitter over mtervals of several seconds. In general, the behavior of 

thediniitis veiy good, with the jitler shown fundamentally reflecting the jiaerin the master 

dodcinpM signal, widiaoB Ma m o Kftealion du e tt> die tiinestaoipingia«niiwy«iri 

die slave qntem can only conect for past emn. ItishDpoBsibletocoDStnictadicaitwfatdi 

antidpates and comets for fiituie master chide jitter. Note diat in all easei, die bdiavior of die 

diadt iDodded is to not flffier a phase cooecdon in die absence of any reodved IllM. 

The chart in Hg. Mb shows die tracking bebavior of die DPLL when diere is no roaster 
jitter, as a means of iliusinting die perfomiance of die DPLL In die presence of a stable master 
reference. Note die two orders of magnitude change in die vertical scale fitm Hg. 84a. bi die 
case when die cable modem completely loses lock, caotmtniicalion from die cable modem to die 
head Old Is disallowed. When diis loss of syndmmiTation oocuis at difttitninginftiftrr. loct-lock 
TKMs will be sent to dmiagdaves so diat diey do not attenqit to tnck die master dock. When 
die Haaag master le^oquires lock, die master must lesume aendiiig TRMs widi a locked 
indicadcm. Timiog slawe devices nodng die transidoo fiam lost-lock to lodnd stale nmst 
perform a new soqnsidon cycle. During die pedod of lost lock, die dave may choose to 
continue to send the VoIP frames, since the master may recover quickly enou^ to send some 
of them. With regard to die reception of grant timrstamps, the GRANT.SIGNALED bit is firt 
cleared to zero. Hie timing slave adjusts the recdved gnmt tiniesiang> value with the 
SLAVBLOFFSET vdue. An integer multiple of the grant period is added to the result and die 
find value is written to die GRANT.UME register. Hie software sets timer for just over one 
grant period. AflerdieflxirirBdonttf diedmer.die sofkwaiediecks dieORANT_SIQNALEDUL 
If set. dial die gram is beoigprapcriy signaled to die frimrag logic Ifoot5et,diendwKiftwaR 
nuist add addidond integer imddpleB of grant petiod to die odginaUy recdved gnut duKstanip 
vahie and repeat die previous steps, b the anbodiment of the presem invention, d» grant 



TOM pail andM, U die master tfanestanp for die cinnailTRMpdr. BoreadiT^ 

intcrvd duiadon is detemnned: QnrJnten«l=M,-I^,. Hb phase adjustment for a given 

intervd is calculated as follows: 

Phase_adjus^me^tsdinear_gain*NCOJBlAS^a^I_steve_o^OIta^^ Hie frequency 

adjustment for an interval is calculated as follows: 

Frequcncy_adjustmenl=frequency_adjustment-tin^jain*NCOJlAS*aiir_alave.efiw/ 
cunijntervd,i^]ere int.^nsintegratDr_gun. 
(tee oould coodiiiie to use die equadoo: 



to detecmine die frequency earn for a given intetvd and dm snbsdtne this vahie for the 
curr_dave_eiiuift»irrjntervd tenn in the given fieqnencyjadjustmem equadon. But the 
cuiT.slavo_emH/cuirJntervd team gives an adequate approatimadoa, even widi aggressive 
vdues for die integrntor_gain tenn. The assumption is diat die slave remains fairiy well-locked 
to die master, and in diat case, die tqjproximation holds. By using only one equadon. an extn 
divide operation is avoided. After modifying d* adjustment vahies, die NCO control woids is 
ncomputed and reloaded into die DPLL* 

NC0_O0imOL?NC0J3IAS + fiequencyjdjustnKnt + phaKLadjustment 
ff the timiiig master aeaiBs TRM imervais of ooosistBOS 1 Kcood dmes (widi low jitter), dien 
an addiliond malh opetadoo can be avdded by aasuming diat the curjntervd value is always 
equd to 1 second Given dm die TOM frames «e sem widi LL priority 7(qDFPQ priority (% 
die ddiverylaiency jitter of a TRM should be wdlbdow 10msec widi 99% cODfidBOce. Ifa 
TRM pair is missing, dien die origind madi operation needs to reuim. dnce die next httervol 
will be an integer multiple of 1 second, lequiiing division by something odier dian 1. (As a 
further sin^lification, enon measured during longer intervals codd be ignored, dwreby 
avoiding diis problem.) Hwre is die possibility of missing timwantnp messages during noimd 
tracking. Hie sepantion of ctystdoC to eiiu G umui as ter-dave drift. NCO rounding error and 
•r to allow for free-wheeling NCO opendoo when no 
L Dmingintervdsforwhidia'ntMpaiTtskist.die 
NCO is clocked at dx nomind NOO BIAS phis die fieqaency am acgustmeat. i.e., 
phase.adjustment is reset to ZERO. The fivquency adjustment is unmodiiied in sudi 
ciicumstffiwes. When a valid pair of TRM does airive, dw phase enorduit accumulated during 
die free-wheeling operation will be conectadin roughly a angle TOM intnvd (depending upon 
dw Iinear_gain term). The chart depicted in Kg. 84a shows die petfoanaKe of die dicmt widi 
die following panuneteis: 
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signding logic is diaent h tiiis ease, die pant dndiig is approximated by a software timer 
whidi is baaed on die esdmated dme to die oen grant Hie grant indication (framing) ou^ 
would be dgnded duou^ a genend purpose I/O pin. 

The T i m e s ta mp Rqxm Message protocol is intended to convey system-levd timing 
infoimation between two nodes of an HPNA networic. One node is assumed to be die timing 
master, and the other node is a tinung slave. There may be more dian <me timing slave for a 
given timing master. Timing master devices send HmastaTnp ni#«ei.gi^ to tilling daves on a 
periodic basis. Toning daves use die dmestanqn to synduooize a bicd clodi to die dming 
master's dodt The TOM piotDod also supports the conveyance of ipecific time infiamadon 
rdadng to conneetioihbased aetvice flows. In particular, die desired atrivdtinKtrf a pa^ 
trmfened from tindttg dave to tsdngmastermay be oonv^edtoatimfaig slave device thiou^ 
theTRMpnotocol. 

The TIMESTAMP REPORT message (TOM) is aLink Control Fkameof SStype:^D, 
is set forth in Kg. 83(1X3). A pair of timestamp report messages (TRM) is sent every 1 second 
to allow for timrag recovery. When die fint message (rfeach pair is sent, a timestang) is iBCOrtled 
as die message is being tra n smitted onto the medium by the timing master. The exact moment 
d which die dmestamp for die TOM is sampled is not important -- however, die consistency of 
dw sanqde dme is important AD TRM timestanqis are tdcen at a fixed time 
(aaster_dmestamp.ofitet) leladve todietiiiieat wUdi die first preamble symbol is transmitiBd 
onto the wife. TTievaiisdoninthevahgof inaster_tiniestamp i^aetemhenotinM^fhsn-*/- 
2/i8ec. The absolute vahie of in8SiBr_dmestanap_offset must be greater dtan or equd to 
ZERO^isec and less dtan or equd to 64/<s6c. The ttfiwaaamp that was recorded «hiriwg ^ 
transmission of die first TOM ofa pair is placed into die body ofd» second TRM. Hiesecond 
TRM is nansmitted as soon as is possible following the Gist transmission. HieeecondTOMof 
die pair does not require a dmestan^ to be recorded, lite number of Slot Timestamps in aTRM 
may be zero. It is assnuBd diat Slot Timeatamp periods for each duamd have been 
coniinunicated thRM^ an out of band mechanisin. AD tinKstanqi protocol messages are sent 
widi Unk layg-priority of 7. wfafeh cw i t apo u d s tp DFPQ priority «fii fnr nil prmriMr mrpings, 
Hmiqg dave devices nodug a tranddon of master state from kat-lock to locked mitiate an 
aoquidtion cycle wtien the (lansidao is noted. 

The TIMESTAMP Request message (TQM) is set fonb in Fig. 86. Hie timestamp 
request message is sent by a dmnig slave to request die deUvety of a pair of TRM. TQM 
messages are dways sent ID die broadcast DA, dncc only one dmiqg master is active on any 
HPNA LAN segment 

Hie TIMESTAMP Slot Request measagp CRM) is set forth in Fig. 87. The timeatamp 
dot request message is seal by a tindqg dave to request die delivery of a set of TRM wUdi 
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coniains a lot dmesump for each of the acdve channeb BSaoctaied with the nqoestor's 
MACAddr. IhesetofTRMtfattisaembythetmimginasianiaiKinsetoi^ 
my consist of a single TRM. or it may ooosist of more 
always s«it to the bn)«fcM D A, TO oBly one timiiig 
LAN 



- V<JP HCM. Bloddng Srfmion InqjJememalion Reqm 
As diacntaed above» a backing away bum the randomizatian process of coOisioii 



II n needed in onler to pnynda the beat po«ail)le quality of vtm ae^^ 
fiHi^ invniiian piovidea a mnrtHtniam foraelectitijt and disiiibaiiiig a|»AliTi«intthwng «f 
colliaton resolotion rather thai using a nmdomly derived aiknog. When it is dm in dds 
manner, in essence adictated detmninistic resohitioB Ulayedim 

nria is done just in the context of voioe. Other type of traffic does not have an issue with 
iBSCitation as it ctmendy stands. TOsponion describes the genenU requii^^ 
of the HOL blocking within a VoIP system in accoidance with the present invention. VoIP 
bamea ne not apedfieaDy idnitified to the device driver - however. aD VoIP fnaoa are 
identified bya ht^ier layer and assigned the LL priority of 6. which translates to DFPQ FRfc? 
foraOpossiblemappingoombinatioas. Tteetoe.allValPftanBqiieoiiignlesai 
to inchide all DWQ PR1=7 feames. WT^ imi=7 liaincs have priori^ 
DI5^2 PRfc^ frames have priority access over all TX queues that He in the path 10 tliB net^^ 
This inchdes any and all TX queues that lie within the device driver. IT • case exists when 
imUtipk driver queues contain DFPQ PRfc:7 frim». these fiames arc passed to ^ 
in die onfcr that they arc received hi die aggregate. HW-based UCP ftwnc generatian is not 
enabled when DFPQ PRfc? ftaines inay be in die TX queue, or may be expected to amve fo^ 
queuing fiom higher layer Mftwae. Tta IWISH command »^ 

DFPQPRWUCPfiaiiwfiwnthBTXqaeueinthehartwarB. BecaiiaeHW generated UCP 

franies are not flushed, diqfwffloontiniie to block highcri)^ Notehoweyer.fliat 

dieFI^SHcominandWIIl.RBMOVEaoftw«©.genentodDI^ 

haitiware TX queue. Once a connection is established, the amval of DFPQ PRfc7 

bepeiodic. Hiere may be times when no DFPQ PRI=7ftanK exists in any queue fiwcsofiwaiB 

queues and hardware queues). If the software expects that additional DFPQ PRI=7 ftames may 

beairiviagwithintheiie«laBcond,tbenHW.basedUCFgenerationmustDotbee^^ The 

eaaieat teat woaWkeepHWUCFgeneration off unless die device driver has deie^ 

tyaemahouldbe steeped DFPQ PWi^ftamea are re^wdned-TTiiaisagBnei^ 

to all traffic (wiflithecxoeptioo of LARQietianamiaaioiis). lUsiulecontiiiuettobevafidto 

VdPti«f!ic.mXJPIU=7&amesincl«kaLARQ header.DPPQPIU«7 fimnesa^ 

twice as per a caotml switcfa. The second frame appears effectively as a LAKCHndnoed 
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*>L«.w.u:« i o n , even though NO NACK was received to pnanpt it. ie.. the tecood transmission 
has the same aeqoeooe number as die first transmission, ha die LARQJITX bit is set to 1. 
Hflwwr, die aocondtiaiiBmssioo is placed into die c«^^ 
firit fiaine is placed itao flicqneiie - iA diem ia DO dahgrbetiwendje q^^ 
aoddKEccondcopyof the frame. RiroidBringpbrpoae»ielaiivetoodierDPPQPltt.7fiamea. 
die origittal and die copy is treated as an hisqjanbte pair. A contml swi^ 
allows this function 10 be enabled or disabled Any recdved lARQ 
a previously transniitted DFPQ PIU=7 fnane is ign««ed as per a cooliol switch. 
been ftoshed (bkicking ftames) are re^iaetied if die letmncd stattB mdicate 
efibctive. I^MwKcb are not flushed are not re-queued. Sofhvare makes the determination 
ofdiediBpoaitiooofanfiiinesindieqneiieaccoidingiDtheietarnedBtanBofeach Any 
fiameadiathavebecndtiuiuiuedto have been fhnhedaicio-qtieaBd. When requeuing flushed 
ftaines, original queoe ordering are pteservedwidim a giwatevd of DFPQ Re- 
ordering of frames of differing priorities Is allowed and eutu ui aged. TTie ITU a712 
specification for total distortion is shown in Pig. 88 iirtiie* iachides d^ 
non-hnear quantizer (Compander). It was found, using a Matlab sinmlation of die Compander 
and an ideal unifonn quantizer, the SNR associated with die compander and the umfonn 
quantizer at Ml scale and at -30 dB input level are 38.5dB and 36dB. respectively. TTie 
tampander SNR is roughly mdependent of input signal strcngdi from fuU scale to -45dB. 
becaose die qtontization noise poweris proportiooal to dw signal 8trsngUi.ITiere^ 
of die ADC and DAC inim be high enoqgh to a«dd domiDatiitg dw compander Doiae. Fig. 88 
indiiatts the trtal SNR lottst be greater or equal to 35dB wifli inprt range 6am OdB to -3(^ 
Hg. 89a shows die required SNR of die AJXTDAC bawd tm oiir Matlab aimalation^ 
tomeetdiemJ0.712Bpccificalioa. Although Uie lequiiBd ADC and DAC SNR is less dian 
fiOdBwitii input fulUcale. Nevcrdieless, it can be seen tiiat die ADCTDAC must have at least 
14 bits of resohitionsincsc a noise floor of -84dB is required. This is consistent widi the mTs 
choice of a 14 hit input range for die compander. Our stnmlatioa showed that for a ^KWBm 
Input widi 13 WIS ofieaohition die SNR was 2S.4dB. die required SNR is 29dB. For a 14 bits 
Of qoartization.dieiw«dtiiig SNR is 30dB. If a jitter clock is used for die sampling of die input 
signal, dien it is neoeaaaiydiat die SNR aiaodaledwidi die jittwdock is much leaa dian ^ 
The effect of die jitter doc* can be consideied as a ahwaoidal time jitter widi ampliti^ 
frequcacyW. ™swillcaiisea8amplingofflieinputaignalatT+K<toi(WT^in«tBad(rf attime 
%. If the input signal is a sinusoidal signal A*cos(wofD. then die effect of die jitter clock is die 
same as die input were A*cos{WO(T+K*sin(WT)). 
Also. A*co8{Wo(T+K»ain(WT)}=A*cos{(WoTH-T*K*8in(WT)}; 
If T»K«1, dien die jitter will cause die output to have sidebands at Wo*-W and at Wo-W widi 



leofA*K*WCn. 

Haia. die SNR is A*K*Wo/A^«Wo wfakdi is noonalized to dw input aigoal level A. For 
IMns and Wo=2»pi»4kH2. dien K«W»=1.2566o4 (.78J)158dB) is die noise level letatiw id 
any input level. 

Hgs. 89b and 89c show die total SNR associated widi die sinusoidal and landom noiae models 
of die jitter clock, respectively. It can be seen diat die increase in die total SNR for ddierdie 
nanaddal or white noise jitter models is less than O.I5dB. 

llie effect of die jitter clock (24MHz) based on its characteristics and die way it is used 
ta an analog test cWp is now desoribed. Tins jitter clock is derived from a NCO inside die 
DOCSIS MAC and transceiver. Its chancteristics are plotted in Kg. 90. Tbe fundamental 
frequency of dnawavefoim is Aort 200kHz whidi»basedonIOOO«jy^ 
clock to die NCO. TTieeffoa of die jitter can be considered as a 200kHz sawtoodi time jitter 
widi amplitude 4/-2.5ns. Again, die jitter output of a sinusoidal Input A*cos(2*pi*Wo) can be 
written in die form of A»co8{WoT+Wo*Ffn). where F(t) is die sawtoodi waveform. For 
K*WO«l, die jitter will provide sinusoidal signals at frequency near 200kHz and dieir 
faaimonic components. Hgs. 91 and 92 show respectively die ADC and DAC data patiis of die 
analog lest chqiJto die AIX; data padi, die jitter dock can be modeled widi die 200kHz 
ngnalaiinputtodiedigitalCICdecimattr. 5iaiilady,indieDACdatapatti,dKjittErdockalso 
can be modetod widi die lawttwdi signal a die oulpia of die noiBe-ihaping figi^ 
TTieaCdecimatorwiUelinunateaU signal widi frequency above 48kHz. Note duadie^ 
die ac decimator and the output of die digittd modnlator are noise-ahaping signals. A 
simulation in Matlab widi a 3kHz shnooidal input, showed diat any signal outside die 48kHz 
frequency band will be considered as die out-of-band noise. Therefore, tiws jitter sawtoodi at 
200kHz in die ADC padi will be con^letdy removed by die aC dedmator. Ftor de same 

leasm, die jitter (.wttiotti in die DAC padi wiU be coinptetdy llteiBd by die analog 

fiber. 

- Colliaian Signal Slot ■^g'TnmT 

The dday asaociated mdi ttmismittinga frame on an RFNA V2 netwoikhas daee n^ 
components: serialization delay (die timeit takes foracnial transmission of tiwfianiBheaderand 
data), deferral delay(8) due to waiting for frames to be tmnsmi tted (at any priority), and ooUisiott 
overiiead wbea multiple stations wish to send at die same priority (which may include one or 
more defoials). b Older to provide higji quaUty Voice over n» (VoIP) service, it is necessary to 
oaittid die inaimnnn latency offramescootainiag voice sanyle data. Frames noimally contain 
10ms wordi of data, and are dnefrxeaentonee every lOms. Per ATT VoIP lequneoMltl. die 
ovenU eod^twand dday fiw vdce lan^Ie data from microphone to speaker m 
less. One prospective allocation of die end4i>ciid delay budget for a ayaempiovi^ 



e signal slot 



over cable service provides (at most) lOms of dday beyond die customer-premises cable 
niodema. which results in at most Sms for die ttansmissioD of voice data ovct a local network 
such as an HPNA V2 networiL If VoIP frames arc die only Ws sent at die highest priority 
level (7), dien a givcD VoIP fiaine need wut for at niost (me lOTver priority fraine to complete 
phB die time itttAes to lesdve coUisiotts between moltiple VoIP sttitions for die right to 
ttaosnrit TheddaywaitingforapiiorttansimBsiontocoinpkiBcanbeiipto3Jois(dietinie 
tt) send a maxinium aize franiB at die nrinfannm rate of 4mhpa), ddwugh fiekl tiiab 
niosthoimesuiqiQitpayloadnitesaflOmbps.widiaoMTB«pftn^ 

time of 1.2nis. However, widi a defanft HPNA V2 implementtUion it is not poss^ 
a sttictopper bound on the time it takes to send a frame, even at die highest priority level. Ibe 
default implementBtion of die collision resolution mechanism includes a "nmdom" function for 
die selection of one of time signaling slots used to estabUsb precedence for die next 
ttamndaaion among die eolli dmg stations. If two or more stadons choose ti 
following any collision, dien anodier coUiaion win oa 
letofaition cycle. Ibe result ofdusmechaniam is dial dieie 

number of colliaons dial canoccurbeforean competingnodeain die origind coiliaioo compter 
a successful transmission. A sohition to this problem is relatively simple. Usmg die protocol 
defraed bdow, stations diat intend to generate low-latency VoIP (and similar) ttaffic ate pre- 
assigneddieir signal dot selections for up to dght rounds of collision leaolution. to be usedonly 
fbrpriodty7fiiiDea. Carefiriaadginneot of ttiesevdues guarantees a mininmm upper bound 
fbrdienuinberof collisions: for two or diiee stations, two for up to five stations, dm* for 
up to seven stations andfourior op to doe statiooa. (Note ttiat only two rounds of rignd dot 
vdues are needed for up to dne stations). 

A set of vdues for Collision Signaling Slots is cdled a CSS sequence. TheMofCSS 
«equcnoes can be enumerated, and each sequence has an explidt "lank" in an oideied ttee 
sttuctore diat deterimnes U* order of frame tiansmiSBon when a collision occurs with one OT 
more stations diat dso have luniqucj CSS sequence assignments. AUhougb the basic function 
is limply asdgning CSS sequences to stations ttut send VoIP traffic, die protocol needs to 
a mnnberofgods:(l)Ptovide^ieddhandlingfi)rnwlti-diamid stations. Uptodiree 
d stations shoidd be assigned CSS Mqaancea diat differ in die fiist dot id, so diat 
when tidfic for additiond diaonds is soil foDowiflg die fi« round of coIliSTO 
collidons (due to two or niore rndti^diannd ittitioos) win be minimized (2) TTie prot^ 
should handle optimized CSS sequence asdgnments for stations widi active channels, hmay, 
or may not, be advantageous to assign CSS sequences to dlVoIP<apd>le nodes. However! 
«nce d« told number of VdP oatioa, may fi» exceed die number of ddiona widi active 
I (die design god for home qperatioo is four sttive, Adl-diqilesi. VoilP diannels). 
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It flnd/or leassignmem is highJy desirable. (3)'nie protocol should allow fca- 
opention inlbe absence of a centralized sequence assignment aiitlniity {ijb. a CSS master node). 
In diis environiue&t, individual client nodes are allawed to assign ttieir own CSS Sequence 
values, advertiae them, and leassigD them if oeoessaiy. in ovder to avoid using ideniieal 
aequeooes. 

In addition to the CSS PtDtoool itsett. one new Int-flag (CSSLMastajCapabiliiy) is 
defined for advmtiacQient via tbs CS A protocol. Hie flag advertises that a station can openta 
as a CSS master node. It does not indicate tfaat (he advotisin^ node is necessarily the current 
CSS Master. R only serves to indicate c^tability. Note also that VoIP nodes imptanent the CSA 
pnttocd in onkr to dynamically advertise the use of link Layer priority 6, t^ 
to very low latency (<10[na) trafTic and is mapped to physical priority 7 for transmission over 
the phoneline. CSS client nodes utilize the presence or absence of the CS A Master Node flag 
in the corrent set of received flags to dctcnnine the method by which CSS sequences are 
assigned. When no masts node is present^ clients bioadcast a request for die cunent CSS 
Bcqnenoes of other clients (seat aa replia) and tfien send an annouiuxinent choosing an unused 
CSS sequence. a master node on dtt network, clients request CSS sequence assignments 
and wait fordiereiponae of a master node, b addition to the CSSJbfaatOLOqi^lilyflag.die 
CSA message is niodified by mchiding a TLV n^peOjcngdi/Vahie) extensim 
fixed fields. The TLV extension is used to request and aclcnowledge the exchange of CSS 
Sequence values among nodei. 

Now turning to collision signaling slot assignment protocol, a CSS Sequence is eight 
two^t values concatenated: two-bit values in the range [0.2] indicate a specific signaling slot, 
to be used following a collision, winle a value of 3 tiidicates tlie ose of a landoinly selected vabie 
chosca by the client St the time (tf die colBitoa. If a node encounten 9 odliaons. selection 
Rveits to a landom algorithm unifl the frame is eilliBr tiauamitted ordnqiped. A CSS Master 
(also CSS Cnnent Master^ a node which accepts the responsibility for assignment of CSS 
sequence vahKS to CSS dieats. Some nodes may have CSS master capability yet may not be 
operating as the CSS master at any pven point in time. Only one CSS master is allowed control 
ofthcnetworicatatime. There may be transitional periods of overlap between multiple masten. 
A CSS Client is a node which may request the assignment of a CSS sequence. ACSS client 
may choose its own CSS seq u ence in the absence of a CSS master. A CSS master may also 
operate as a client In such acase. the request for a CSS Sequence is not sent to othernodes, but 
the acknowledgment of the CSS sequence is sent to other nodes. 

WidiiegaidtoCSAExtensiantosappoit CSS Rame types, theCSA_MastBr_Capability 
flag is added to the CSAmcasaga'sfUig set, m the Flags 1 octet The flags set fmtfa in Hg. 
93(1H2) are used for CSA^CunenfTxSet, CSA_OIdesfniSet and CSA^CnxieatRxSet in 
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Cqnbilities and Staus AmKxsicement control frames. All CSS (Collision Signaling Slot) 
protocol messages take the f aim of a CS A message (see HFNA V2 characteristics) with one or 
more CSA extension TLVs included. A CSA extension TLV is a Type/LcngthA^alue field 
which follows the fixed fields of the CSA message. The CSA Extension follows the last fixed 
field of the CSA frame (CSA^CunentRxSet), and precedes the nextEtheitypc field of the CSA 
firame. The CSA Extension ftvCSS has the foim set forth in Hg. 94. A CSS fiime it bidit from 
the CSA using the CSS CSA Extension subtypa All CSS messages ate scot at CSA meas^ges 
with at least one embedded CSA Exteoflion of snb^ CSS. A CSS request mesuga is a CSA 
message with: The CSS_Mester^Capabilily fbt set to either ZERO or ONB;(CSS Kbsier 
capable nodes which are not operating as the current CSS master must act as CSS client nodes, 
but they still set thdr CSS.>[aster_Capability flag.): At least one CSS TLV with the following 
values: CSEType = xOO.CSELength = xOS. CSS JblAC = MAC address of the requesting cUeot 
CSS_5EQ = xYYYY, where YYYY has a value in the range xFPOI -xFFPE, and where the least 
stgniiicant 8 bits correspond to the number of active link layer ptiority 6 cbannela soiuced by 
the requesting client. An active channel is one for wlsdi aooie noD^zero flow of traffic is 
cunently being generated. CSS requests are sent by a CSS client whenevertbenmnber of active 
link layer priority 6 diannrJadiangBa A CSS assignnent message is a CSA message with: • 
The CSS.>laster_CiqMd>itity flag set to ONE; (Only the CSS inaater can make asaignni^^ In 
the absence of B master, individual nodes can only make requesti> which should be respected by 
other CSS client nodes, but might not be.) At least one CSS TLV with die fblknving vabes: 
CSEType = xOO, CSELength = x08. CSSJtiAC = MAC aAhess of the diem to which the 
sequence q7hes,CSS_SEQ = xYYYY, where YYYY has a vahie tn die nnpj xOOOO-xBFFF. 
The CSS Assignment may contain multiple CSS TLVs. indicating multiple assignments. In 
addttiott, dw CSS assignment always contains a CSS TLV with the CSS sequence for the CSS 
master, if one has been assi g ned, (ua., the CSS Master's assignment messages always contains 
the CSS roaster's own CSS acknawkdgments.)A CSS acknowledgment message is a CSA 
message with: The CSS.^hbsiBr_Capaliility flag set to cidn- SRO or ONE as appropriatt - 
bodi CSS clients and CSS masten m^ send CSS acknowtedgmems; At least one CSS TLV with 
the following vahies: CSEType = xOO, CSWmgth = xM. CSS.>IAC s MAC address of the 
client to which the sequence applies, CSS_SEQ = xYYYY, where YYYY has die value of the 
CSS_SEQ as assigned to the chert by the CSS master, and where YYYY has die value "FFFF" 
when the acknowledgment is in response to a CSSS drop message. The CSS acknowledgment 
is always sent by a CSS client in immediate response to the reception of a CSS assignment to 
itself, and thenceforth in all CSA messages that are normally generated by the CSA protocol 
The CSS acknowledgment with CSSJ5EQ « xPFFF is always sent by a CSS master in 
imm ed iat e response to the leceptiuu of a CSS drop me ii agB fiom a clienL In such cases, the 
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CSS_MAC vahie carries the MAC address of die CSS client that sent the CSS drop n 
If a CSS iDa$» no longer requires a CSS sequence, it sends a drop acknowledgmem referencing 
its own MAC address. TUs is done to keep the CSS sequence information m synch at other 
poteathd CSS master nodes. A CSS drop message is a CSA message with: The 
CSSJbfaster.CapabilityflagsettoZEROarONB; (MastcrcqnUe nodes acting as CSS dienu 
may send CSS drop mesaagas. The cuueul CSS **f never sends a CSS drop message.) At 
lesst one CSS TLV with the folkmdng values: CSBiype s x()0, CSELength a x08 
CSS31AC = MAC address of the client to which the sequence applies 
CSS.SEQ = xFPOO. The CSS drop message is seat by adient which is terminating all active 
link hQer pricffity 6 flows and IK) longer requires die possession of a CSS sequence. 

Master nodes respond to tecdved dient request by sending an assignment 

message. Master nodes wilt have die complete list of active CSS Sequences and therefore will 
not etr by assigning the same sequaioe to man dian one requesting clicm node. Masternodes 
may reassign the sequence for any node in an msolicited tf"""^^ for purposes of granting an 

outs t anding aequenoe tree as active nodes brofniie inactive). Master nodes age the ncdved 
active node CSS infmnation at the same frequency as other CSA infonnatioD. Master nodes 
always send their own sequence value (shoulddtey possess one) in outgoing CSA messages, just 
as clients do. Tliis arniouncement serves the purpose of inf on&ing other potential masters, of 
all sequences outstanding. This tnformation is useful, should a potential masterneed to replace 

thf. "nf , Whm ^ m^KtnrTifrmna. ■ CSfl rfinp fnamtngyi frmn a clfwit t^a ynngtw rfffpOIKlif 

by aenduig aCSS adcoowledgmem measagecontaining aCSAJSEQ of xFF17 for the dnippfa^ 
diem. Simibdy,«i«i die master node deleies a dient fimn the assigned sequences list due to 
aging, the m a ster n ode sendsaCSAn rmgBflo ntainingaCSA^SBQ of xFFiy for die Aopp^ 
client to indi c a t e that the client has been diopped. Agam, this wrilatn al mdir a t ion serves the 
purpose of keqping all potential master nodes' assigned sequence inf ormatlon coherent It dso 
allows the CSS client the oppo r t un ity to le-ceqaest, should the unilateral drop acknowledgment 
have been made in error. In the speda] case where the corrent CSS master drops its own 
requiiement for a CSS sequence, no CSS drop message is sent but an acknowledgment of the 
drop is sem by the master in order to inform other nodes of the change in the outstanding 
sequences, iA, the CSS truster sends BQ ackiiowledginent for its own dnsp, but die drop iiieasagB 
is not sent lliB master for any system is detcTininod by mastership oqidrilily radicatitm ia the 
CSA flag Mt and bythe MAC addre8S<tfead> potential master. The node iiidicmingmasierahip 
cqnbiHty with the lowest MAC address is ahvays the selected master. If a node afqiean in a 
system, and ttie new node has mastership cqiafaility, then die new node does NOT advertise its 
tpastenridp e^ability and it does NOT pezfonn master fimctiomdity until a fidl CSA a^ng 
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period has elapsed. Note that CSA messages should still be sent but the 
CSS_MastEnhip_Capabi]ity flag must not be set This msures dm die new master does not 
inadveitendy gain die current masto- position until it has acquired all rdevant CSS sequence 
infonnaticm which may already be present in the system. Howenfcr, there la an allowed 
aooelentioo of asseitiaa of die masteisfaip capability flag. This oocun in die case vAen die new 

can qoiddysialoe Ibis deteiiinnation through flity of sevend iiieanB induding: The new potent 
master node sends a drop message and does not reodve a drop acknowledgment (This testis 
tqieated several times to be certain diat dtber the drop or dw acknowledgment has not been 
simply lost). The new node observes die lack of master acknowledgment to otho- clknts' 
icquest/drop traffic. The new node sends a CSA request and notes the lack of any reodved 
mastership cqiability indicating m all recdved CSA messages. This test is repeated several 
tiiiies to be certain fliateMierllw request flrdg responses have iiot been simply lost la ariy case, 
if die new potential mater node canieaaonaUy a! 
system, then it may caned the nan 
capdrility and immediaiely assume the role of the CSS master. It is posable in such a situation, 
that the client nodes m the system may have assigned thdr own sequences in die absence of a 
master. When the new master asserts itself, it attempts to.collect die set of self-assigned 
sequences bdore making its own assignments. The new master may unilaterally le-asdgn 
s equences to each client Once a new potential master with a lower MAC address has collected 
a ooniplete Kt of CSS sequence inf ormation, or a iiew potential master has deterrnined that no 
cmvent master exists, it announces its roaster capability by setting the CSS iriaster capability flag 
in all subsequ en t outgoing CSA messages. The existing master (if any) will recognize the 
pnaeooB of die new master and idinqdsb masterddp, but oontinue to advertise ita own CSS 
nusteiship ciqiabihty. after verifying dw tet dim the new nuater'a MAC addiess to 
itsown. There rriay be cases where the previous master finis to immediately recognize the new 
master, and in such cases, a client may recdvemobiple CSS Sequence assigmnenis. Theclknt 
replaces its existing sequence with the newest sequence and inuncdiatdy generates a CSA 
acknowledgment ofthe CSS Sequence. The new master repeats its CSA advertisements as often 
as it deems necesssry in order to gd the previous master to finall y recognize it as die new current 
inaster. It is poadUe (hat a ptiietnid niasto' has, duwigjb imssed CSA frimies, 
master's ififormation, and has aauiDed die Gtmcat toaster position even though it has a higher 
MAC address. That is, tie new master believes dial the rightful master has quietly exited dw 
networit If diia occur, dien the cuneatinaster Of itillpieseai)inast defend its 
spedficdly sendhig CSA messagea at an unqiedfled higher me, and by conecting any dient 
assignmentt that the moonectmastermay have made. The usuiping master will see buL there- 
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asagDmemi and the repeated master CSA messages end back down. If tbe cuiem «n ftff 
disaniean, then all poteotul new masters will recogoize which has the next lowest MAC 
addiess and aU will defer to that node. If the cutrott maslEi doesn't respond to Rcp^^ 
drops from clients, Chen aU potential replacemeat masters may (xtmatorely age the coneat 
^master and the next master in the line of succession assert iu right to mastenbip and begin 
reapaadiiig to fbe clients. 

Cliem nodes leqiieit I aoquoiDB from the master iu)de by seiiding a CSA contaiiQ^ 
CSAEsiaisioaofsobQrpeCSStoihebitxideastaddDess(CSSnqiiest). TfaediemacMfe places 
its own MAC addroi into the CSSJ^C field and seu the CSS_SEQvahJ8 equal to xFPyy, 
where "yy^ cocrespoads to the ornnber of channels actively txansmitling link ]sya priority 6 
ftwnes. Cliem nodes acknowkxlge receipt of the CSS inastcr's sequence vahie by 
assigiied8eqneix»vaIaetDtbeCSS_SEQfieldafalIsahaequeatoiitgQ^ (Note 
that all subsequent CSA messagBS will contain a CSS CSA Extensioo.) The CSS Jk4AC field 
is set to the chent*s MAC address. The lepetitiooofiheseqtwiKe owned by each dieutaerws 
topnvaitthBagiiigafihecliem'stiifiDnmttianatthBiiiasterii^ It also, allows a potential 



o in case it is called upon 
to replace the eustiiig master. V the furndxr of active liiik fa^ priori^ 
node cfaat^ges, ilieii the dieot node sends a new CSS leqiKSt message to indtCBiB ihe chati^ 
Tlje CSS master may or may not modify die cheat's CSS sequence. In other case, tlK CSS 
master responds with a CSS aasigrrajent in Older to acknowledge the receipt of die CSS request 
When a cbem node discootniues seodmg aU traffic at Urik kyer priority 6, then it sends a CS^ 
frame containing a CSS CSA Extension subtype, with the CSS JSEQ vah« set to xFPOO an^ 
CSS_MAC vahje set to itt own MAC address (a CSS Drop message). Effectively, the client is 
advertisiag for zero channels of tra£& at link lawyer priority 6. The client continDes to advertise 
diis value for CSSJBQ midl the master acknowledgies receipt of the frame (through dw 
CSS.^SEQ value of idn^ V ontU no master is pnaent m the syston. as dctenmned ^ 
aging at thecUeot fa ibe case when no CSS master is present (as canfitmed by the lack of a 
received CSS^laster^O^jability indication in aU received CSA mcssa^X the client node 
claims a CSS sequence by (loosing a sequence and sending a CSS acknowledgmem inessage. 
Ail subsequent CSA messages contain the same CSS acknowledgjnent. If one client node 
chooses ttiB same sequence as another client node, tiien the new claimant to die sequence has 
priority fo-that sequence. A specific algorithm for choosmg a sequence in the absence of a CSS 
master Is not specified, but such an algodthminchidesfwiocs such as: outstanding sequences 
muse and number ofchannds active by cadi CSS dient The original owner of the seqaence 

All client nodes monitor afl CSS earfaanflw and keg) a Bst of hmse segacaces. NonnalCSA 



iafoniatiai aging siipplies to CSS infonnatioo. CGent nodes are divitfcd iatD two general 
dasaes: sing^BCfaannd and multindiamwl link layer pdori^ 6 souoes. Molti^hsmiel soimxs 
are afforded relatively higher poshioos ffl (be ordered tree aeatBd by set of seqoences of 
coIUsion resolution. If sciiem node reqaiieaaCSSaeqiienm and i««Mfi gteph«ni»#| ff^^ 

it chooses die next unused sequence in the ordered tree. If a client node requires a CSS sequence 
and it is a muhi-channe] sooce. then it chooses the next seqaence following the last sequence 
used by the list of mnhi-channel devices. This choice is made, even if it conflicts vnth an 
enstmg singie-channd device, tf a iiulti-channd device drops itself (oris aged) to 

le lowest-^xdeied niuItiHihanael device claims the abandoDBd sequence. 




ab sn d ou e d sequence, unless die abandoned sequence is lower in die ordbed tree, n is 
leconnneoded diat self-assigned sequence vahKs do not exceed 4 levels in depth 0.e. CSA^.SEQ 
should have the form xYYFF, where YY has any hex vahie). In any case, any colliding 
se qii ences among dient riodes will be afforded a new oppor tuni ty to resolve randomly after all 
8 signal slot valoes have been nsed. since the node behavior following the use of aU 8 2^t 
valnes is to revert to laodom selection notil eiOier die fianm is SQccessfblly transmitted, or 
frame is di0|^ tt the innsnritter. While a client does send a drop as appiopiist^ 
master case, widKmt a master, there ts no a 



is repeated leveral times monler to msure reception by otfaerdients. Howevcr.mtbee 
the failure of any of ttedienis to tecognizetiie explicit drop, tfaedrop win be recognized m tim 
through the aging pjocess. 

The MAC hardware supports the CSS protocol by providing a 16-bit register (CSS 
register) which is loaded with die CSS_SEQ value from the CSS message. Whenever the fiame 
at the head of fte transmit queue is a link layer priority 6 ftmne (highest priority on the phya 
nctwoifc), die 16-UtregiBter becomes the aouice for signal slot selection following link layer 
prioriqr6 ooilisian events in which diis node was an active transmitter hmdve^ 

In the unmodified version, Ae signal slot vahie is always chosen at xandooL Forlfae 
HFNAV2 implementation, a random number in the range [0,2] is used. Ihe selected number 
is used to detomme during wliicfa signal slot die colliding node ri pinU to iwlicate its 
participation in this toundof collision resolution, ^idi the CSS assignment scbeov, succeeding 
2-bit valuesfromtheCSS register are usedinplaceofrandom selections. In diis way, collision 
resolution will be otderBd, rather dian random. This allows an bound to be placed on die 
lesohitionofaDyoidliston. Hie valneoftiieunier bound is a function of dtemimber of nodes 
n and the apedfic CSS values that each participating node possesses. 



Because each 2-bit valne can represent 4 possiblB inte^ values, and because die HPNA V2 
protocol requires sdection of an int^ si^ slot vabie from a laqge of onty 3 values, die 4* 
vahie is used to revot to random aeleetion of die signal dot number (for the given coOision). 
Hie table set foftb in Rg 95 indicates die desired codings fiar the CSS register bits. An mitial 
comsion for a &ame causes the 2 inost significant bits of dm CSS register to be used as the 
signal slot integer selection fordiat collision. Successive colUsioaseacoaitered by transmissioo 
attempts for die same ftame use successively lesser significam 2-bit values bam the CSS 
register. If a fimnecncoimlers 8 collisions, flienaU possible non-overiapping 2-bit values w^ 
have been used, and the sipial slot integer is chosen by nmdom selection. Whenever a new link 
layer priority 6 &ame andves at tiie head of the transmit queue, dien die signal slot selection 
nniins to theniostdgnificatt2bits oTdie CSS ngistBr.ieganae8s of how fvdirough the CSS 
tqiister a previous link layer priority 6 fianie's signal slot seJectioo mqr have praceeded. 

TTiel^rnaakspedfied is such that complt«itfnniiBniit m 4miMbg 
Fart 68 Section 30g^l-ii. 

The mask also specifies a limit of -145 dBra/Hz bdow 2.0 MHz, which ensures 

y wiUi G.992.1 . G.992.2 and ISDN. 
The mask includes a notch covering the Radio Amnteur bands between 7.0 and 7.3 MHz 
I PSD to -85 dBm«z. This is lower than dw VDSL 
■sforPSDinlheamatetD-baods. Snoe the VDSL spectral compatibility has 
been developed ow die last several yearn in sevenl standards bodies, includuig die ITU, fliis 
qiectnl maA ihooM be conqntibte widi RR emission lequiienmts in countries outside 
America, such as UK. Japan, Germany and France. 
-Mode Selection 

An HPNA V2 device is capable of acting as an HPNA VI transmitter and receiver when 
required by other devices on a network. TheHPNAV2transceivercon^eswid) die document 
"Home Fboneiine Netwoddng Alliance HPNA VI PHY Spedfication Vl.l" w 
and leoeivhig HFNA VI fitames, witii dv firilowing additional jprfifaHi*— 

1. AaHPNAV2deviceisconfi9iredbydefan]taslow^NnHerandhigb-speed.per 
the Hn4A VI tpedfication. 

2. Iteimplementatiaa of HPNA VI Mgh-powermode man HPNA V2 device is 
not required, win not be certified, and is not encooraged. 

3. The use of hi^power mode, if implenwited in an HPNA V2 device, is mrt 
leummieuded for remediation of HPNA VI network ptoblems. 

The HPNA V2 oon^atihili^ mode piibe mast not be used wtei tnnsmittirig a true 
HPNAVIfianvs. 

When ppenting oo a network that has mixed HPNA VI and HPNA V2 stations, an 
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HPNAV2 station uses Cmnpatibility Mode, hi tins mode. HFNA V2 stations use die media 
access control algoridnn defined hi 'VEome Phooeline Netwoikmg AlHance HFNA 



n vaites in HFNA VI Mode, 



tt of fiames transmittBd by an HFNA V2 SI 
Connntibttily Mode, and HFNA V2 Mode as fbDows: 

1) AnUFNA V2 station in HFNA VI Mode t 
frames with FOOM s 1 or 2. 
An HFNA V2 station m Compatibility Mode, 
a) 



a only HPNA VI i 



2) 



b) 



3) 



transmits HPNA VI format frames to broadcast, multicvt, HPNA VI 
stations, stations of unknown type, or HPNA V2 stations under 
conditions specified in Section 23.3.1 of "Interface Specification for 
UinelO HPNA V2 Technology Link Layer Protocols.** (tiie Lmk Layer 
Specification). The PCOM shall have the value! or 2. 
shaU transmit HFNA V2 Compatibility format frames to HFNA V2 
statioiis as pemtiiled by Section 2JJ.1 of tile Unk Layer Specification. 
An HPNA V2 station in HFNA V2 Mode shall transmit only HFNA V2 Native 
format frames. 

All HPNA V2 stations are able at any time to identify and receive frames m any of tije 
following format: (a) HPNA VI format frames, (b) HPNA V2 Compatibility format frames, (c) 
HFNA V2 Native fdonat franws. 

What stations transmit HPNA VI format frames, tiiey shall code the PCOM fidd as 
specified in Rg. 96 

All HPNA V2statioos shall poweropmHFNAV2Madb bonier to detcanfaie HFNA 
VI Mode or Compatibility Mode. HPNA V2 stations shdl keep die hdenial boolean state 
variables specified in I^g.97. Therelativepreeedenoeof die variables m mode determination 
is also spedfied in Fig. 97. (a) bring die highest, and (4) die lowest. 

While in HPNA V2 Mode witii Link hit«^tyStaiU5=IX>WN, an HPNA V2 station that 
an HPNA VI format frame widi PCOM Station Type = 1 asserts Vl_DErECTED. 
yij>ciiii.icii is cleared if a 2 second peiiod elapses without detection of any franwa wiUi 
PCOM Station Type «0. 

An HPNA V2 station that detects an HFNA VI fosmot fiame widi FOIM Station l>pe 
= 0(aeeFignre4.1>asscrtsVl_DEIBCIS>. VI J >tf HiCilOJ is cleared if a60 secondpeiiod 

elqises widiom detection of any subsequem HFNA VI ibnnat frames widi PCOM Station IVpe 
=0. 

An HPNA V2 station tiiat detects or timismils an HFNA VI fimnat fiame witii PCOM 
Station TYpB = 2 asserts V1.51GNALED. V1_5IGNALED is cleared if 8 60 aecond period 



elqKes without detectxon or transmission of my subsequent HPNA VI fomiat firames with 
POOM Station Type = 2. 

Each V2 station combines the Capabilities and Status Announcanent (CSA) 
iofonnatioi) leceived fiom other stations using the logical or ftmctioD. to aet intenud ftate 
variables ConfigV I . ConfigV 1 M2, and ConftgV2. * 

An HPKA V2 station dOEnnises HPNA VI Mode or CominiibUiiy Mode with the 
fonowing loffc, implementing the piecedcace specified in Ing. 97: 

VINCLMODE:^ (notCanfigVl)and((notOonfigV2)orC[infisVU^)mid 

(ConfigVlNC or VI JJETECIED or VIJSIONALED) 
1M8_M0DE := ConfigVl 

10M8_MODE := not (Compatibility JrfODE or HPNA VIJUODE) 

Future spccificaticins can use the Frame Type (FT) and Payload Encoding (PE) fields to 
defiiienewfimDefaniataBiidnewinoibilitioaQpeaAites. Tlieetiq&ettBfarriisiuigdie4.5- 
9J5 MHzcbinncl are defiped by the valid Cmitf Scmo frame definitioii deacilbed hMBlpflbove. 

An fDtun ^iBcifte^oBS aieeiipociBd to iiichidc the diia ^pecaficaikMi as a Base Standard 
vitasb all fatan tpedficatioiis will tapport The Rata Negotiation mecbaniam deaaibed 
provides for stations inidating oominunication in the Base Standard and negodating op to fotuie 
specifica&ons. 

Those skilled in the art can ap p i edate that, w4iile the p r ese nt hivention has been 
specifically described in conjunction with teleiriione lines in a home networidng environment, 
other equivalent transmission madtom could be used to implement the present invention. For 



WHAT IS CLAIMED IS: 

1. A method for transnntting a tnmsinittiiig frame embodied in a caxiier wave fromtranaout 
stations to receive stations over a tnnsnussion medium of a frame-based based communications 
network, oomprising: 

coupling croe or more transmit stations to the transiias8ioomedinm,eaditiiinsnri 
transmitting frmnes having a fraine fioniiat inchiding a fixed 
rate payload, followed by a fixed rate trailer 

coopliiQ one or mom receive slttiORS to the transmission medhiin. cadi iccdve stsA^ 
upon receiving aioccived Crame concsponding to the transmitting frame addressed to the leceive 
station: 

detecting a start of the received frame utilizing a predefined preamble format for 
the transmitting frame having a plurality of identical copies of a preamble symbol sequence 
transmitled sequentially-, 

decoding the received frame; 

detennining network perfonnanoe ctaaiaeiBriatica for establishing desiied 
perfunnance baiod upon measnnng and tiacldng the perfonnaoce of the ftame deoodiiig; 

tedicating to die tiansinit station changes to pqiload encoding paraiiicten in the 
fixed rate header based upon detennining tietwoik peffonnanoe iiuproven 
wherein die transmit station changes die payload encoding parameten in d 
for encoding next future transmittiog fruoes; and 

determining whedier a collision between two or more transmit stations occurred 
at one of the transmit stations miliziog an estimate of error power of defined copies of the 



2. A aignd embodied in a c aiii e f wave fbr sending infonnattoo from transmit stations to 
noeivB ttalioosoveratia n t i iii M lJiii iwwli i im of a fram ^baaedbasedcommiii i ici wi i on ni e t w cMk , 

header, followed by a variable rate payload, followed by a fixed nte trailer. 

3. A signal embodied in e cartier wave fbr seodiiig j pfiwv nti^p from tnttsmit staiioos to 
iBceive stations over a transimssionmediiaa of a fiaiDe^)ased bawd coiniiiiiiUGatioiaiietWQrfc, 
die infonnation being sent in transmit finmes having a fiwns forinai comiiriaing! 

a fixed rate headen 

a variable rate payload following the fixed rate header, and 
a fixed rate trailer following the variable rate pa^oad; 



a pnainUB, the preandde inclndmg a rcpetilMm of four symbol sequences for 



f adlitattng power estimatiai, gain contiol, baud frequency offset estimation. eqjOalizer training. 



a frame conirol field, the frame omtnil field including: 

scrambler oontrol infocmatioQ for frame scrambling initializatiaai 
a piiodty Gdd to *lrlriiiiiiie Ifae absolute priority a tnasmd frsme wilt 

a pqdoad oirodnig field wliicfa ddeiuiutes coostellatiao ennoriing of 
payload Utt in the variable rate payload. and 

a header dteck sequence for pnvidiitg a ^dic ledimdan^ check; 
a destination address field; 
a source address field; and 
ao etheitype field: and 
wlnein die variable rate payload is transmitted poisiiailt to dynamic adjostable frame 
i for inqHoving transmission performanoe for a tranamit frame being 
g Btadon to a receiviqg station. 
4. A method for providing dyoanuc Adjostment of frame enooding parameteis to mqwove 
liBiUDiission performance for a transmitting irame being transmitted from a transmitting station 
to a receiving station over a transmission medium on a frame-based conimimications netwoik. 
die transmitting frame having a header segment and a payload s^ment, die header segment 
being transmitted using a fixed set of encoding parameterB, the payload segment bemg 
transmitted using a variable set of payload encoding patsmetera. conquising: 

the transinitdng station sending the transmitiing frame usiiig one set of the variable set 
of payload encoding patameien at a time; 
the teodving station: 

leoeiving nd ^fffn?dtng dw hindrr ifgnwit of each "g fisme, 

perfoiiuing a decode process on the payload segment ofeachtransmittiQg frame, 
and either decoding the payload se gment without errors wherein the frame is coosiderBd 
soccessfiiDy received, or detecti n g an enor oocurrenoe in the decod e process. 

measuring and tracldsg the peif onnanoe of the frame decode process, 
detennining network peifuiiuance characteristics for cstri i lishing des ii Bd 
perfutii iMi Hi e basedtyoa i peasuniigaud t r a ckin g the petformanoeirf the frame decode process, 
and 

indicating to die tmigmiltiiigstatirodianges to the pagyloadcnoodiiigpa n mictera 
based iqxm deteiiuiiiing oetwoik perftntnance inqnovement characterisiics; and 

the tnosfflittiiig ctation changing the one aet of die variable set of p^oad encoding 
patameien ooncapondmg to the changes to the pajtfoad encoding panimririB itidicmed to the 
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transmitting station for encoding next future transmitting frames. 

5. A method for providing d}Tiairucadjtistmatt of frame encoding pararsBters to in^ve 
tronsmission |iftf f* irn'mt Msg for & trBDsmittiii^ fruuc bcin^ transooictcd frnm g tnDisiDitting ststiofi 
to a receiving station ow a tiansmisaan medinm on a frame-based Gomnwnicaiions n^^ 
the franiB-based comiininicatian networic inclndiiig a pluiaUty of stttions, each station haw^ 
8 tmiqne address, the nuqiie address being nsed as a source address fbr tnnsmltting frames 
being ^*aii!iiiifTtffd by die station, and as a destmation addicsa for fi ^ iip^ iy transmitted by other 
stations to be received solely by die station, tiie transmitting frame inchiding a header segment 
and a payload segment, the header segment containing a source address and a destination 

the payload segment being transmifted using a vanaUe set of pajtead enooding p aram et e n. 



a traiisndtting ststion sunding die tnnsmittiQg frame, the transnnttiiig frame oontainiog 



tiansndtting station one set of varial^ set of pa^oad encotUiiga at a time for die deaired 



a reoeiwig station, using die destination address in the transmitting frame to recove 



receiving and decoding the header segmem of each transmitting frame, 
performing a decode process on the payload scgmem of each trwisriutting frame, 
and either decoding the pajdoad segment widiout erron wherein tiie frame is considered 
successfrlUy received, or detecting an error occurrence m the decode process, 
measuiing and tracking the p^ i f fun nfff ffft of the 1 
nesaeatbydiee 



indicating to a transmitting station having tent the transmitting frame to die 
destitution address changes to the payload encodtng paianieten based t^pon decomining network 
peifoimaiicc inqnovemeot ^■™^"«j«1"'jh and 

the transmitting station baviqg aem the nannnitting frame to the destination address 
changingdie one set of die vsiiaUe setof piqdoad encodrngpatametets accoidtiv to 
to the p^loadencodhig paranieteni indicaied to die transmitting station by die lecd^ station 
far e n cod in g next ftitdie tra nsn iiiti i ig rwui ies. 
6. A mediod for selectiiig frame encoding parameters to improve 
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tnosmisaon perTonittDoe fv a tnnsmitti^ 

to a lecd ving ststiaa over a txammissiaii mMj npi of a bame-based commtiaicatiaDS neiwcd:, 

tbe tnnsiniiiiiig ftamc having a header a^ment and a payload Bcgment, the he«]er acgmeot 

bentg tmnnuttal usng a fued set of eiKodiiig psrameteiB soch 

ncdved and decoded by aU stations ao (be aetworic, the payl^ 

using a variable set of jMyloail encoding fanmetan. (ha tnnsmitting station ■'■wfrng ibe 

ttansmiltittg firnne nsing one set of die vaiidik let of po^oed eiioo£i% paianetm « a lii^ 



icceiviiig and decoding die header and payload segpgsos of CKfa 
tiansmitting frame, die Hf*Mting tnchiding confuting franv atatiatica; 

selecting a plurality of sets from the variable set of payload 
encoding parameters to form a possihle set of payload encoding paxametm; 

for each set of pa^^oad encoding paiameten m fl« possible set of pa^oad encoding 
parametns, genenting. based upon die tone statistics, an estimate of netwoik performaiKe 
diafacteriaticB ejqmed if the tr 



dot set of payload encocfiiQ panmeten; 

sdecting. based 1900 the estimaiea of expected netwcit 
ticifuimancc for each set of pa^oad encoding t aiam e tait in the poasibte act of paylnari mrnrffTig 
parameters, a set of payknd encoding parameters having optimized netwoik perfoinDaace 
characteristics. 

7. AnneihodforselectingfTBmeenoodingparBmetentoiii^irovetiBnsmissionperfaiiDanK 
for a tianaiiiitring fraine being transnritted &om a tiansmitting station to a recdving staiiOT 
a tfansnisaton mediam of a fiamcs-based communications netvwak, die tiansmitting frame 
haviitg abeadersegniBnt and ap^yloBd segiiient. tbe bead^segmett bnngtin^^ 
fixed set of encoding parametera sndi that Ibe header segment can be lecdved and decoded ^ 
aU stations on the netwodc. tbe payload segineu being tiansnritiedusiivavariaUeaet of payload 
encoding parameters, the tiansniittinp station sending die hansautting&mneiBiBgttp^ 
variable set of pa)4oad encoding paiametBis at a tiiiie, comprising tbe lecdviiig station: 

receiving and decodingtbehBader and payload segnKols of each transnnttingframe, die 
drcoding including conqaiting frame statistics; 

setectingaiauiality of sets from die variabtesetpfpa^oad c Modtegpai aH ae i entofaan 
a possible set of payload encoding panmetBTs; 

for each aet of paiyload encoding panmeteis in the possible set of payload enc^^ 
parametera, generating, based apm die frame st aii a ti cs. an estimate irf netwoik pesrfbtinanoe 
chaiac i e ri stics c aqiectB d if the ttanannt t i n g sta ti on wem to iianaBrit die tiaiM^^ 



z fiireacfa set of ps^oad 
eocotfing parameten in die possiUe aet of payload encocfiqg panmetets. a set of pa^oad 
encodmg parameters having optimized netwoik pexfonnanoe chatacteristica; 

wherein die frame statistics inchide a stioer manmnm aqoated oror far die header 
segment and a sticer maximum squared emir for the paykMKJ segment 
8. AmcdiodfoTselectingfraineeacodingparameteiBtoimprovetiansmission performance 
for a trsnsnritting frame being ttananniiBd from a tnmsmitting station to a iBcd ving station 
a u aiM i ni sa i o n medhnn of a frame-baaed commnmcalions network, die transmitting frame 
havtqg a header segment and a pa)toad segment, die header aegnmt being transmitted using a 

aDstationaondie netwoik, die payload aegmem being t(ansmittBdosii%avarid]fesetcfpaylo^ 

cacodiiig parameters, the transrnittintt station sendhigriietrMtwwittiii g 

vaiiable set of payload encoding panunBters at a time, canqnsmg the leodvii^ station: 

receiving and decoding die heatter and pajlottl segments of each transmitting frame, die 
decoding indoding computing frame statistics; 

selecting aphnality of aeta finm die variable set of payload encoding parameten to fom 
a poBsibie set of pi^oad oBxiding psxamcteis; 

for each set of paijAoad encoding parameters in die possible set of payload encoding 
parameters, generaling. based upon die t 

cfaaiacterisiics expected if dwtnnsmHlhig station wee to transmit die ti 
that set of payload encoding panmseteis; 

selecting, based upon die estimates of expected netwodc perfannance ftw each set of 
paykad encoding paiametera in die possible set of pajrtoad encoding parameteis. a set of payload 
encoding parameters having c^mized network pofomianoe characteristics; 

wherein the expected network perfoimaiKecbanictenstic estimates iiiclude expected tiine 
of die transmitting fiame on die trail 

wheieindie expected time of die transmioing frame on die tnmsmissiaa medium is 
caknlated aa a fimctiim of an avenge number of payload bytes, a payload symbol me, a 
payload bits per symbol, a header segment time on the tiansmissiaD nw^'i iTmi a coDirioD 
lesdution overhead time , and an expected number of retransmissions, the expected immiMg- of 
retransmissions being calculated as a function of an estimated packet enor latB. 
9. Anietbodof determining a a start of a transmiBed frame at a lecetver ana franw-faased 
communications netwoik, die method comprising: 

piovidbig a pRanridefannat for tbe transmitted frame wbeiein a pbm^ of iifaitical 
cogiua of a preamble i^boi seqiNwe ate ttansniiaed sequentially; 



filtering a received transmitted frame using filter coefficients matched to the preamble 
symbol sequence to provide a condation seqnenc^ 

etoprondealow- 
pau filtend GOKdatkm aignalkw-pass fiUeied si^id; 

delaying the low-pass filtered correlation signa! to provide a delayed low^nss filtered 
c o or J ati on signal; 

multiplying tbe delayed low-pass filteied coirelstion signal by a first fixed fnedetermined 
dneshold to provide a multiplied correlation signal; 

conqiaring tbe multiplied coirelanon signal widi the low-pass filtered conelation signal 
to provide a conelation difference indicaiar; 



provide a low-pass filtered energy signal ooaqiaring detectedeiKigy to a fuied energy 
Id provide a threshold compared energy signal; 

nudtiplying die low-pass filtered eoersy signal by a second fixed predeternnned dneshold 
to prarvidc a multiplied energy signal ; 

comparing diethresholdcampared low-pass filtered correlation signal widi die direshold 
compared mtditipHed eaagy rignal to prorvide a conelation peak indicator, and 

forming a kigical-AKD die ctnelation difference indicator and die correlation peak 
e a maldiAio match comparison indicative of die start of a tmBmitted 



10. A method of detemiinmg a a start of a transmitted fraoiB at a receiver on a frame-based 
commtmicatiotts network, die medwd comprising: 

providing a preamble format for the transmitted frame wherein a phnality of identical 
copies of a preamble syndx>] sequence are transmitted seqnmtially; 

filtering a received transmitted frame using filter coefficients matched to the preamble 
symbol sequence to provide a conelatiao aequence by low-passlinear matched fdtering die 
leceived tsansiidaBd fraise usbig filter coefficients inatched to die preamble symbol so 
10 pnividB a fiheredieoeived rignal and avcqgjng a sqnared-iii^nitudeoftfae filtered received 
taval, die fitter coe ffi ri en t s being a tine^emwd oampiex-conjugated lepeated preamble 
symbol inchidingtime-iBveiaed oonqdex symbols drawn from a Quadrature Phase Shift Keying 
or 4-Quadratnre Amplitude Modnlation constellation and having 16 symbols repeated at least 
3 times, every 4-symbol snb-aeqoence of which bdng constam arnplitude, 2m> autocorrelation; 

computiiig a squaied-magnitude of the conelation sequence' 

low-pass filtenng the squared^nagnitwfe of die conelation ^^rwr to provide a low* 
pass fihered coneladoo rignaltow-pass filtemd wgnal; 



delaying the low-pass filtered correlatitm signal to provide a cklayed low-pass filtered 



multiplying tbe delayed low-pass filtered correlation signal by a first fixedpmfetemiined 
dBcsboldby first uM iip mi ng 10*loglO(.}, or an appraximatioa of 10*loiglO(.).of each low-pass 
fiteedoondadon signal operand to ptovidB apluralitYoflaw-paas filtemd cnnetatinn ri pffl i 
log operands and dien adding each of die idniaaty of kw-pass filtered coinlation signal 
operands to provide a ffluldi^ conelation signal; 

conqiaring die multiplied correlation signal widi die low-pass filtered correlation aignal 
to provide a correlation difference indicator, 

detecting energy of die received tra n smitted frame and low-pasa filtering die energy to 
pnwkie a kiw-insa filtered energy ngnal comparing delected coeigy to a fixed energy dneshold 
lo provide a threshtdd conqiared energy signal; 

mahiiiiyingdfclow-pessfiltered energy aignal hyaaetaMidfi»trf|i ^^ 
by fim oonvndng 10^10(.X or an qpnxximation of 10*loglO(.). of each fam-fosa filteied 
energy ffignal operand to provkfe a idnrdity of kiw-pass fiiteied energy stgnal kg op 
dien addmg each of die ploialiiy of kwiiass fihered energy signal tog opeia^ 
multiplied energy signal; 

conqiaringdiedneshold compared low^wss filtered correlation signal widi die dneshold 
compared mulitiplied energy signal to provide a conelation peak indicator; and 

frniung a h)gkxl-Ara> of die conelation difference indicator and dw 
indcalor to dctmnine a matidiAio maldi comparison indicative of the start of a transmitted 

11. A nwrtmrt nf Aitwnwiiiiiig mn^pf^ tntMUliftBd ftmpj*- 



providing an end of frame frnat for die transmitted frame having an end of frame 

ploraiity of syndwls; 

filteringareodved transmitted frame using filter coefBcicnts matched to the cad of frame 
plurality of symbols to provide a cortebition sequence low-pass filtered signal; 
computing a squared magnitude of die cactttation seqneace; 
low-pass fihering die aqoared na«nibide of dK coirelation sequence to provide a low- 



ddqmg die low-pass filtered coiieladon rignal to piowtde a ddi^ kiw-'pass fih^ 
n signal; 

multiplying die delayed low-pass filtered coirelatian dpial by a fixed p 
threshoM to provide a multiplied coirelation signal; and 
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to provide a match/no match ocmqarison indicative of the possible end of a transmitted frame. 

12. AmethodofdctcnniiunganeQdofatninsimUedfranK;m.aimdva 
ocnmnunicatioiis netwoxk conqjiisiog: 

pfovidsn^ an end of ffHinc fomuit for the ^rfln^^itted frame having an end of frame 
phnali^of^iiibds; 

the end of fiame idonU^ of lyndwls to provide a eomlation wq 

bong a time-ievened coinplBx^onjugated end of frame qmbol sequence indudiss oomplex 

lymboU dnwn from a Qnadratme Phase Shift Keying or 4-QuadiBtnre Amplitude ^todulalioo 



ccmpuiing a squared magnitude of the contlation aequence; 

low-pass filtenng the squand nugnHwte (tf the cooelation sequence to provide a low- 



pass 

ddqm^ the low^ass filtned comlaiioa signal to provide a delayed Iw 

multiplying the delayed low-pass filiendeomlation signal by a fixed pfodttenntned 
thiesbfdd by first con^mting IO*IoglO(.). or an qipraximation of IO*loglO(.), of eadi low-pass 
filtoed correlation signal c^xrand to provide a plurality of low-pass fiheied oorelatiao signal 
log opoands and then adding each of the plurality of low^iass filteied cortriadon signal log 
operands to provide a multiplied cooelation signal; and 

comparing the multiplied conelation si^ul with the low-pass filtered cotrelatioD signal 
to provide a matchMo match comparison indicative of the possibte end of a uansmitted frame 



s iietwail£, the 



13. A meAod of d e tenuiiiin g that a coDisim between two or nunc b 
ooctned at one of the tiau&mittmg stations on a frame-based comn 
medud comprising: 

providing a heada fomm for the transmitted frame, the header format including a cyclic 
preamble, destination address field, source address field and fixed guard field, the destination 
ukhess field and the source address field immediately following the preamble and the fixed 
guard field following the source address field, the cyclic preambte having a cyclic preamble 
format wtwrein a totality of Meniicai oo|ries of a picainble syndiol sequent 
sequentially; 

computiQg a l e a st eqnaies chamd estinwtB <tf an echo channel between a scaiion 
tiMf ^frift^ unH a timtUmt tw^yjypf frrm a rfffwvftfl tmnplff tw|Wftnrf and a frsnsmittwt prptwiiMff; 
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computing an estimate of received samples of the source addiess fieJd of die tnnsmitiBd 
frame by linear convolutian of the least-«quares dumnel estimate and an tqisam|ded and zero- 
filled sequence of destinatim addiess. source address, and fixed guard; ■ 

subtracting the estimate of received samples of the source address field of the trartsinitted 
frame from actual received samples conesponding to the source address field to produce a 
soume field enor voctoriow-pass filtered signal; 

ooiiqKitiiig an (L2) nonn of eadi tem of Ae Boinoe field oior vector; 

computing an estimate of received samples of aecood and third copies of the cyclic 
pteamble by linear convolution of the least>sqaarea dumnel estimate and i^sanqiled and zero- 
filled second and third copies of the cyclic preamble; 

computing an estimate of received samples of third end fourth copies of the cyclic 
preamble by linear convolution of the least-squares charmel estimate and upsanq>led and zero- 
filled known third and ftomlh copies of die cyclic preamble; 

conqmting an estimate of entn po wer in the second and third copies of the pteamble by 
subtracting actual received samples of die second and third copies of the preamble fixHn the 
estimateof thereedvedsainplestf the secood and third cc^ies of the cyclic pieainUe^tbn 
squaring a nonn of a flnt lesuUiiig vectmr and dividing by kngth of one cof^ of die cyclic 



computiiig an estimate of error power in the third and fcnmh copies of the cyclic 
preamble by subtracting actual reoeived samples of the diird and fourth c<^es of d» preamble 
from the estimate of the received samples of the third and fourth cqiies of die qdk preamble, 
then sqnarmg a norm of a secoDd lesulting vector and divicfing by tliB leogdi of cme cop^ 
cyclic preamble; and 

declaring a collision if : 

an absolute value of an esdmaieof 10*]aglOof the emr power in die second and 
dunl oopks (tf the piieaiiible mints 10*1oslO die eatinufe itf die cmv poqm 
fboidi copies of die preamble exceeds a first dueahold; or 

a20*loglO of a majumum value of the norm of each term of a souim field ernv 
vector minus 10*loglO of a greater of the estimate of the error power in d» second and diird 
copies of the cyclic preamble snd die estimate of the error pawa in the third end fourth copies 
of the preamble exceeds a second dneshold. 

14. A method of sharing information among a plurality of stations on a omimunications 

networic, each of the iduiafity of stations bring cspriite of ti ai is i nitti i ^ and lecei 

the coinmanicalions network between any one stadm and all odier stations, comprising: 

estdilishhig a gioiip of agieed-apon flags,each flagctf iRldcfanuy beset orooi setl^ a 
katanyg^ventiine; 



providing periodic dming in each station that expires after an interval, die tnterval being 
common among all the stations and being at least long enou^ to allow evety staiiai on the 
IS network to transmit a phnality of Ihunes; 

fl^g set. an old transmit flag set, and a cnrrmt leoeive flag set; 
maintaining by eadi station; 

a conent transmit state set indicating by die agreed-apan fhigs the current 
capabifities and status flags for diat station, 

a recent timer expiration set indicating by the agreed-upon flags the cqnbilities 
and announced status flags for tiiat station as diey were at a most recent expiration of die 
poiodtc timing, 

aprevious timerexpinttiaD set indicating by die agreed-upog flags die ctqxdjilides 
arid stBliis to that stalkn as they woe at a penuldmate expiiation of the periodic timing, 

acunent transmit lecetvedsetindicadngbythe agreed-upon fiags a logical union 
(tf aU coim of die canent tianailit flag set leorived in frames from other stadons, and 

a piBvioas received set iridicating by the agreed-upon flags the cmmit iransinit 
leodved set at die most recent expiration of its timer, and 

gcnetatrng a contiul frame by a dmsmitring station wherein: 

the curroit transmit flag set is let to a logical Mtdva of the conent transmit state 
set and die recent timer expiration set, 

the currem receive flag set is set to a logical union ofthec uH e nt tt aa smit received 
set and the pnvions leorived set, and 

die dd transmit flag set is set to die valoe of die pKBVions dmer oqatadott set, 
the contftil fkaine being genented and tiansnittted by the traiisinltdng station to all other 
siatiatM on the ocmmmmcattaos network each time a flag in any of die logical unions is stt 
cleared and upon the expiration of the timer in the nansroitting station. 
IS. A method of sharing information among a plurality of stations on a commtmtcatiaas 
network, each of the plurality of stations being capable of tnnsmitdng and receiving frames ovei 



tiansmittfaig frim»s at any transmit priority, for each stadon die rnediod coriqirisi^ 
establishing an imtial transmit priwity for each frame to be transmitted; 
maiataiiiing a set of inittal tnosniit priorities ^^i^gfK^ to frames transmitted on the 

estaUisUog a set of final transmit priorities oontaniinglri^iestponible priorities, one 
final transmit priority being asaocdsted widi eadi menibeT of die set of initial tmumit priorities, 
such that a highest inidal transmit priority is assigned to a faig|best posstUe priority, a next 
highest initial transmit priority is assisted to a next highest possible priority, and go forth; and 

tcansmitdng ordered frames onto the conununications networic, each frame using a final 
transmit priority associated widi die initial transmit priority established for the each frame. 
17. A method for selecting en opersring mode for a frame-based communications netwmk 
consisting of a plurality of stations attached to a transmissiai rr^^^'m, the plurality of stations 
inctodingbodi a firat type station and a second type station, die first type station bring c^idile 

nf ttiifiBmttrifigimri mMaving fmt pi'ilntail finjilaii« with ■ (rrat punj^^fw^^ BfTflTHl 

type Station britig capable of transmitting end leoeiviitg both fint pramco] finunes and second 
protocol frames in accordance with a Bccond protoctd. the first protocol aadtiie second protocol 
each using different signals on the transmissitm medium, the first type station not being capable 
of reliably detecting second protocol fiames, the first protocol having a first protocol frame 
fomuit containing at least two reserved bits in a first protocol frame header which are ignored 
in recrived frames by first type stations and alw^ sent widi a same fixed value by fiist type 



each second type station containingafigtprotOCTri detect flag cleared ^qwninitializgtiQn. 
a fint protocol signalled flag cleared upon inidaKzadon. a first pratood detect timer, a fint 
protocd sigtulled timer, and a periodic link faafiodion timer widt a Hnk indieadon period 
oommon to all second type ststions, and 

redefining the first protocol frame format to provide an tqxiated first prorocol frame 
header wherein two reserved biu in the first protocol frame header are allocated as a mode 
selection indicator field in the updated first protocol £razi» header, the mode selection indicator 
field having meaning for second type stations to include for the two reserved bits: 

a first protocol only value equal to a fixed value of a mode selection field transnutted by 
fint type stations and bring reserved for trsnimissian only by fint type stations, 
a fint protocol signalled value, 

a first protocol detect value, die first protocol signalled value and die first 
protocol detect vahK bring defined for ttansndsston by second type stations, and 
an unused value, 

earii fint type station transmitting frames periodkally in accorta n oe with die first . 
-154- 



protocol fnine fonnst, the mode selectiai] indicator field being set to the fint protocol only 
value in transmitted faianrat, md an interval betweeo bame tmamisaiont bang e nmp^ iM K |^i ^ 
link indtcition period conunon to accood type ataiioas^ 

each Kcoad type aistiaa, 19011 leodving a fint protocol firame incloding the mode 
■deciiooipdicatDrfidd act to Ihefirat protocol value only, aettiBg the first protocol detect flag 
toaet,8tKlBtsning.arrestaitingtf abcadyrnnning, tile fim protocol detect tin^ to Bjqxie ate 



each leeoad Qfpe mkm, upon icodviitg a fint pmoool fmrnt iiKluding the mode 
■ctectioointotarfidd»ettothe fimpioioci Jdetiectvaliie,oriiponiiaig^^ 
&aine inclwling the iDode selection indicator field set to first pfotoool (feiec^ 
the fint protocol signalled flag to set. and starting, m lestartiog if already nmniog, die fint 
protocol signalled timer to expire after a fint protocol signalled period; 

eadi second type station, upon the eiqniitiaa of dw fint protocol detect tiiner, deaiiiig 
the first protocol detect flag to cleared; 

each aecond ^fpe statiiRi. upm the oqaratian of die fint prtitocol aj pann^ timer, 
clearing the first i»atocol signalled flag to cleared; and 

tit* arttmA typit wttiHtm. iiw»M milling typ« i^fnimr tiT Itw mmirmitted, TiyhfTCTii: 

second pioiDotd ftanaes aie soot if bodi die fiivt piotocol detect fl«g aiid the first 
protocol ngoalled flag are cleared, odiemiBe first protocol frames are sent, 

wherun when sending a first protocol frame, the second type sution setting die 
mode selection indicator field in transmitted first protocol fiames to the fint protocol detect 
value if the fint protocol detect flag is set, otherwise setting the mode selecdoo indicator field 
to the first protocol signalled vahie in transmitted first protocol finmea if the Gm protocol 
signalled flag is set, and die aecond type station, upon determining that dtber the fint protocol 
detect fi^ cr die fint pratocoi signal fl«g is set, sendiQg at least one fiame widi a deatinaiiOD 

lMlw<»» aef tn ^nmdffiHl rtiP pm<Mfir ^i*>^ V^^^^n ti^^ ttmrtr trufirraf 

18. AmrthodfivdistcibiitiiigaetstfocdHBaiifewhitionpatBiiiBtentobeusedfn 

of network access omtention events among nodes of a non-ceatializod media access control 

shared tn ed io m networic, comprising: 

providing a set of collision resolution pamneten which nicludes a sequence of fixed 
nombers for resolving a single network access contention event; 

identifying a single collisian signal slot master node when one ac mcne candidate 
odHsioa atgnal slot master nodes exist; 

seiiiBngc on iM n n signal dotwtpwstmBSs^eaftom client nndffsa^ ^ 
mides. whenm a ccdliskm signal slot nqiiBSt message itictiides: 



die coil across dw twisted pair is optimized forieoeiving signals. 

20. A mdhod of noise reduction fig aHanscejvertnBiamittiiig fimmeii mver ■ t qiTHBn iifiH<«n 
mediino in a fiame-baaed ""'""""rinrtifWB networii comprising: 

piawidiiig a ttansoetver transmit padi and a transcdver receive padi; 

locating a blocking switch in the transoeiva' transmit padi, the blocking switch allowing 
transmit signal propagation when enabled, while preventing both transmit signal propagadoo and 
circuit device noise coopling fiom the transceiver transmit padi to the tcansodver receive path 
when die blocking switch is disabled; and 

disabling the blocking switch when the transceiver transmit path is not tnnsmitttng 
fiames over the fisine-basedcommonications network. 

21. A medwd of providing ^nc hr opo us transport of packets between asynchronous iietwodt 
nodes, each aqrndnonoaa network node having a.Iocal clock and transmitting and iccdving 
packets to and fiom the asynchronous Ktwoik according to an asynchronous netwoii media 

access protocol, comprising: 

dcsi gnatin gas a master node an KyiKhrcm oils network node capable of tiariainittiiigatld 
receiving packets on the asyndironous network ; 

designating as a slave node each non-master asynchronoas network node which desiies 
to synchnmously tnittqnrt packets acn»s die asyncfaronoDS twtwork as a slave node; 

syncbnauaog a iiiaster node clock of the master inde with a slave no(k clodc of each 
slave node; 

de imn i n i ng at the matter node, a beat atrival lime for the reception by d» mas t er node 
of eadi pattienlar packet transodtied Iqr eadi particular slave node; 

co rn m on icat in g fiom the master node to the slave nodes best arrival dmes for packets 
transmitted fiom slam nodes to the master mde; 

de trmiining at eadi slave node best packet assembly times for packets to be transmitted 
by die partfenlar slave node to die master node in die future in order for die packets to be 
leoeived die master node at fiitiire master clock lefereoced best arrival times; 

oondmioudy oonecdng each dave node eloGlt oonpared widi dK mastor node clock to 
smooth slave clock eim- to an average of teio conquircd wid> du master clock as a icfcrraice 
e to a messagp fiom the master node; 



packet assembly time information; and 

transmitdng packets at slave nodes according to die detemdned fiitare best packet 
assembly dme information. 



an Indicadao that a oollisioo resolodon parameter set is required by a uniquely 
i deo dl ie d rnqiwaBnig client node; and 

an indication of number of active packet<£Bner«ting channels at the uniquely 
identified reqtKStingcliem node; 

sending collision signal slot assigmmt mwwjigir ff fiom the master node to the client 



lal slot assi g nm e nt messngB 
a list of imifpie cheni identlfien to jpH i ffltfi f dwse dient node* which can find 



alistofoollisian resolution parameter set information imamlriguausly associated 
onaooe-for-ane tnaldungbasis widi dielist of miique clirat identifiers: 

obtaining at a given client node fiom within a received collision signal slot assignment 
meaiagr a collisian resolutiaa parameter set to be employed by that given client node; 

«endmg cnffirinn rignal ripr ^lfpmif|^gmffnt "»^«flflrT frm ^lifTIt nfjffrriTfd tff 

aD network nodes, wherein a collision signal slot acknowledgmait mmwuEr includes: 

nee itf die collision signal slot 



otdlisioaiesofajtioo parameter set infoiroadaocniientlyassignedtothenniqDdy 
identified client node; and 

sending coDiston agnal slot drop messages fiom client nodes a ddieased to aH netwofk 
nodes, wherein a collision signal slot drop message includes: 

a unique client identifier to hidieato somoe of die oolli^ dgnal slot drop 



en bidication diat a eolUsion lesolidian panuneter set is no longer DoqnirBd 1^ die 



19. A method of optimizing signal transformation fiom a tsrisied pair tRnsnnssion Wi y to 
a oonriRnatioo tratsoritter and receiver fbr a fiame-hased commnnicadons netwoik, die 
transmitter having a trensmit outpot pair port for transmitting signals onto the fiame-based 
c omm i nti ca ti ons network over the twisted pair transmission line, the receiver having a receive 
input pair port for receiving signals from the frame-based communications n^work over the 
twisted pair transmission line, compnsmg: 

coupling a transfomier between the twisted pair transmission line and each of the 
tiansinit oiilpiit pair poft and die receive inpitt piur port, die transformer having a coi 1 m 
twisted pair, a transmit ocril acioss die transmit output pair port, and a receive coil across die 
nctive ii^ pur port, whetem a bnnsfo ratio between die nnnannt coil and die cdl ae^ 

tMBtiat ^^Tp^7f.H firw tr aiMwii Wing ypMil« np i^ » fpqijifin-niriiiheiiiMMM l^w^l»»iHv«^TOj^ md 
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22. A mediod of controlling data sampling clocking of asynchronous netwoA nodes, each 
asynduonons network node having a local clock and trananutting and receiving packets to and 
fiom an asyncfatonoos netwoifc according to an asyndirooous netw<vk media access protocol. 



designating asamaster node an asyndaonoasnetwaricnodecapaUe of trsnsmiamg and 
recdnng packets on the asynchronous network: 

designating as a slave node each non-master asyncfaraoons networit node which desiiss 
to synchronously transport packets across die asyndmnoos netwoik; 

Byncfaroni2ing a master node clock ttf die master node widi a slave node clock of each 
slave node; 

oontinooosly correcting each dave node dock couyared with the master node clock to 
amocdi slave clock aror xo an average of zero compared widi the master dock as a referrnce 



deiiviiig a derivative clock at the slave node fiom die conthMuusly coincted slave iiode 
at die slave node. 
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CSA_ 

QffRQiiTncsrr 


4 OCTETS 


OWIGURATION FIAGS, PUIS Aa CURROIT M-USE STAIUS F(R THIS STATKK 


CSA_ 
OU)ESnxSCT 


4 OCTETS 


A COPY OF THE 'OLDEST TX FLAGS FOR 1HS STATIONS, FROM THE 
PCRUD EHMC AT LEAST ONE PERIOO (MDUIE) EAfUER. 


CSA_ 

OURRENTOXSET 


4 OCTETS 


THE UNION OF RECENT FLAGS RECEIVED FROM OTHER STATIONS 


NEXT 

ETHERTYPE 


2 OCTETS 


»0 


PAD 




PAD TO REACH MINFRAMESI2E IF NECESSARY 


FCS 


4 OCTETS 
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TX LL PRIORITY 
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FIG,S2a 



FlG.SZc 



FIELD 


LENGTH 


MEANING 


DA 


6 OCTETS 


DESTINATION ADDRESS 


SA 


6 OCTETS 


SOURCE ADDRESS 


ETHERTYPE 


2 OCTETS 


0x886c (LINK CONTROL FRAME] 


SSTYPE 


1 OCTET 


«4 


5SLENGTH 


1 OCTET 


NUMBER OF ADOITSMAL 0C1E15 M 1HE aWIRO. HEACCR STAiniNS MIH DC 
SSVER9QN rClD AND OOMG MIH 1HE SOaND(LAST) OCm CF THE NEXT 

rmm. nEU. ssldigth g 6 for ss«R9im a 


SSVERSION 


1 OCTET 


-0 


U«0 JCR OATaI 


3 OCTETS 


LARQ CONTROL HEADER DATA W1H LARO_CTL BT-l^QJIACK-a 


NEXT 

ETHERTYPE 


2 OCTETS 


.0 


PAD 






FCS 




FRAME CHECK SEQUENCE 



FIELD 


LENGTH 


MEANING 


DA 


6 OCTETS 


DESTINATION ADDRESS (FROM ORIGINAL ETHERNET PDU) 


SA 


6 OCTETS 


SOURCE ADDRESS (FROM ORIGINAL ETHERNET PDU) 


ETHERTYPE 


2 OCTETS 


0x886c (UNK CONTROL FRAME) 


SSTYPE 


1 OCTET 


-4 


SSLENGTH 


1 OCTET 


NUK8ER OF KSmm. OCirtS M THE OONTRa ICAOER. STAR1W6 NTH IHE 
SSVOSON FQD AND OOSIC lilH DC SEC»D(LAS1} OCTET OF NEXT 
EIHOtYPE FOa SafNGIH B 6 FDR SSVQSQN a^C 


SSVERSION 


1 OCTET 


=0 


UUSLHDROATA 


3 OCTETS 


LARO ENCAPSULATION HEADER DATA (MTH LARO.CTL BIT-O) 


NEXT 

ETHERTYPE 


2 OCTETS 


FROM ORIGINAL ETHERNET PDU 


PAYLOAO 


KM 46 0C1EtS 


FROM ORIGINAL ETHERNET PDU PAYLOAD 


FCS 


♦ OCTETS 


FRAME CHECK SEQUENCE 



FIG.SZd 



FIG.SZb 



FIELD 


LENGTH 


MEANING 


DA 


6 OCTETS 


DESTINATION ADDRESS 


SA 


B OCTETS 


SOURCE ADDRESS 


ETHERTYPE 


2 OCTETS 


0x886c (UNK CONTROL FRAME) 


SSTYPE 


I OCTET 


«4 


S^NGTH 


1 OCTET 


NUVBER OF tfOnONAL OCIETS M THE QQN1R0L HEADER SlWinC HIH THE 
SSVERSGN nU) MO ENDMC «TH M SECMXUST) OCin OF THE (OCT 

ETHonpc neu). sslengih is 12 for hack frames wth ss«skw a 


SSVERSION 


1 OCTET 


-0 


LARQJO) 0A1I 


3 OCTETS 


lARO CONIRa HEADER DATA «TH LARQ_CTL BT-I^AROJIACKtiL.?. 


NAa<_DA 


6 OCTETS 


ORIGINAL DESTINATION ADDRESS 


NEXT 

ETHERTYPE 


2 OCTETS 


-0 


PAD 


32 OCTETS 




FCS 


♦ OCTETS 


FRAME CHECK SEQUENCE 



• OCTET 


FIELD 


LENGTH 


MEANING 


FLAGSO 


LARO^MULT 


1 BIT 


kOJLTIPlE RETRANSUISSIQN FUa 0 W THE ORlGMAL 
IRANSflSSON OF A DATA FRAML FOR RETFUNaflTTED 
FRAMES {LARQ_BTX=1). SET TO THE VAUjE OF 
LAROJiULT IN THE NACK FRAUE THAT CAU^ THE 
RETRANSMISSON. THIS CAN BE USED BY RECEIVERS 
TO MEASURE THE ROUMKTRIP HUES ASSOCIATED HIH 
THE IdSS/NACK/RECEIVE-RIX PROCESS. 




LARQ_RTX 


1 BIT 


0 FOR FIRST TRAN9BSSI0H OF A FRAME. 1 F FRMIE E 
RCTRANSUIT1ED. STATIONS HOT (MPUUENUNG lARQ 
SHAU DROP ANY DATA FRAME F THS BT S L 




LARQ_N(»TX 


1 BIT 


0 F EUPIDCNTATION SUPPORTS RETRANSMISSON, 1 F 
ONLY PRIORITY IS MEANINGFUL MAY BE USED ON 
A TCRCHANNO. BASS. 




LARQJOSEO 


1 BIT 


\ IF THE SEQUENCE NUMBER SPACE FOR 1>C OM«a HAS 
BEOI RESET. AND QUO SEQUDlCE NUHERS SHQUU) NOT 
BE HACKED. 0 OTHERWSE. 




LARO_CTL 


1 BIT 


"0" WHEN IN ENCAPSULATION FORMAT 




PRIWITY 


3 BITS 


UNK LAYER PRIORITY OF THIS FRAME 


FLAGSIJSEW 


RESERVED 


4 BITS 


RESERVED. SHALL BE 0 




LA«)_SEaLHGH 


4 BITS 


HIGH 4 BITS OF SEQUENCE NUMBER 


SEQ1 


LARQJE(Uim 


a BITS 


LOW B BITS OF SEQUENCE NUMBER 
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OCTET 


HELD 


LENGTH 


MEANING 


FLAGSO 


LARQ_MULT 


1 BIT 


uuLTni RFnuiai&aoN Fua o mihe fist nmx 

SENT FOR A GHEN SEQUENCE NUIIBER 1 M ALL 
RETRANSMITTED NACKS. 


LARQ_NACK 


3 BITS 


NACK COUNT 

IF 0 W A LARQ CONTRa FRAJyIE. THEN THIS IS A 
REMINDER. 


LARQ_CTL 


1 BIT 


SET TO 1 FOR LARO CONTROL HEADCR DATA FOaiAT 


PRIORITY 


3 BITS 


UNK LAYER PRIORITY OF THIS FRAME 


aAGSt_SC<» 


RESERVED 


4 BITS 


RESERVED. SHAa BE 0 


UIULSEQJKH 


4 BITS 


HIGH 4 BITS OF SEQUENCE NUMBER 


SEQ1 


LmQ.SEILUNr 


8 BITS 


LOW 8 BITS OF SEQUENCE NUMBER 
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FlCSZf. f 



OGKTRaFRAUE 


A FRAtC (SBUm BY A LARO PROTOCOL yOOUli 1HAT CONTAMS 
(MY A LARO PROTOCOL HEADER AS ITS PAYlOtt. 


CLRREMT SEQUENCE 
NUMBER 


TIC UOST RECENTLY RECEl^ NEW SCQUENa NUOR FOR A OHAWGL 


DATA FRAME 


ANY STANDARD ETHEnCT FRAUE fROI MOCR (THAN URQ) PROTOOX LAYERS. 
A LARO-DIABLID STAHH ENCAPSUU1ES DC OBGHN. PA1L0AD OF Ml CVOKT 
RAMI BY NSETMC A U«0 HEMXR (SOmS FORM CONTROL HEAOES WH 
lAKQ JfR DATA) KMEN HC SOURCE AUPPF^S AND THE ISIIANER OF TIC FRAIC 
BEFORE THE FRAME IS PASSED DOW TO THE ORKR FOR TRANSIlSSON 
ON THE NETWRK. 


FORGET TIMER 


AN inUCNTATIGN OEPEIOGNT UECHAMSN TD AUiW A RECEIVER TO 
RESET THE SEQUENCE NUUBER SPACE OF A CKAMCL WEN A RECEHO 
SEQUENCE NUUBER IS WIT T)C NEXT OKZIEO (CURISNT SBXJOICE NUUBER^I^ 
ONE SECOND IS A SUGGES1ED DEFAULT VALUE 


HOLD TIMER. 
LOST TIMER 


AN UniMENTAIBN OEFENIENT IWG HECKAMat THAT LIMITS THE THE A 
SBZnER «a HOU> ONTO A RECEIVED FRAUE WUE wniNG FCR A l«S»G fKAUE TO 

flE iOUMSiinEa oocephmly. kre is one suoi tker utsstNc sequence 

NUUBEIL the net MIERVAL 6 MAXMUy HGU> MTIRVAL 


LOQCAL OUWNEU 
CHANNa 


A Flow OF FHMC FHU A SEWER 10 ONE OR IHRE ISCO^RS GN A SMOf ICTWKK 
SEOIENT OONSSmC OF AH DC FRAMES ITH A SNOE COttMATIQN OF DCSTMAIKN 
ADDRESS SOURCE AOOSSS. AND UK U\ER PROBIY. 


NAOC NACK. NACK 


AN raCATKM FROy A RECEIVER TO A SOIDER REOUESTMG RETRANSfiSSW OF ONE OR 
MRE FRAICS. ALSa THE ACTKM OF PROSnNG SUCH AN MCATION. Ed lD NAOC 
A SEQUENCE NUUBOf tCAiWG TO SDD A NACK lOCATKW. 


NACK TIMER 


AN UPIDCNTAIION OEFDOENT IBIHG UECHANSM USED BY A RECEIWR TO 
RETRANS0T NACXS FOR KISSMG SEQUDKE MtBIL GONCEPHIAILY, KRE 6 ONE 
SUCH TVER PER MBSK6 SEQUENCE NUU8ES PER LOOCAL CNAMD. VC 1HER B 
RESET EACH nC A NACK G SENT FOR A SEQUENCE NUHER. K 1KR NIERW. IS 
NACK RETRANSMISSION INTERVAL. 


NEW 


A NEW SEOUEHCC NUyGER IS ONE WOGE OFTIKNCE FRW THE CURRENT SEQUENCE 
NUMBER FOR DC CHAMEU UGOULO 1HE SZE OF THE ZOINCE NUUBD? SPACE AND 
CQNSDERCD AS A SGNED MTEGER IS CREATER THAN 0. M PARTKUAR. THE NUWERS 

(CURRENT+1) THROUGH (ajRRtNT+2047). 


OLD 


AN 010 SEQUENCE NUUBER IS ONE WOSE OFFDiEHCE FROM THE CURRENT SEQUENCE 
NUUBER FOR THE CHANNEL, UOOULO THE SB! OF TIC SEQUENCE NUMBER SPACE AND 
CONSDERED AS A SIOED KIEOR. IS LESS THAN CR EQUAL TO 0 01 PARHOIAR, THE NUNBERS 
(CURRENT-2048) THROUGH (CURRENT) ARE OUX NOTE, 

HOICW, THAT MOST OF THE OU) SEQUENCE NUMBERS ARE ALSO OUT-OF-SEQUENCL 


SUBSTITUTE SHEET (RULE 26) 




PCTAISOVIOni 

56/101 
FIG.53 



pcr/iisomflts2 



FIG.S2f,2 



OUT OF SEQUENCE 


ma SEQUENCE NUMBER WAT FAUS OUISK A REASONABIE RANGE. OU) OR NEK OF 
nC CURRENT SEQUENCE NUMBER fOR A UXaCAL CHAWEL S O0N9DERED OUT OF 
SEQUENCE IT IS REOMffMDED THAT PUIS OR HMUS TWCE 1HE VAUJE OF 
MAXUUUSAVQAOT (DEFINED BELOKi BE USED AS THE "REASONABII RANGT 
WHEN CHECKING FOR OUT OF SEQUENCE. 


RECEIVER 


A STATION THAT RECEIVES FRAICS SENT ON A PARIXUAR CHAWa. C THE DESTMATUN 
ADORESS IS A UMCAST ADDRESS TKRE B AT HOST ONE REOIVER. f H DESIHAIIOH 
ADDRESS B A GROUP AOOCSS (MCUDHC GRQUCASIX 1HDI m 

RECEIVERS. 


REMINDER 


A CONTRa FRAIC SDIT BY THE CHANNa SENDER VTH TTC UOST RECENHY USED 
SEQUENCE NUMBER FOR A CHAWCL WICH HAS BEEN MACmE FOR REMMDQI 
INTERVAL AFTER ITS MOST RECENT DATA FRAME. 


REMINDER IWER 


AN NPlEMENTAIXM DEPENDENT 1MM6 UECHANSU USED BY A SENDER TO 
GOCRATE A REUNOER FRAME AFTER A PERUD OF MACTIVITY FOR A CHAIMEL THE 
TVER IS RESET EACH TME A NEW DATA FRAUE IS TRANSMmiD. CCNCEPTUAU.Y, THERE 
IS ONE SUCH TKCR PER CHANNEL THE TIUER MTERVAL B REMINDER INTDiVAL 


SAVE TIMER 


AN UUICNTATION DEPENDENT TIMMG UECHAMSU THAT UUTS THE TlUE A 
SEMXR WLL SA\C A FRAUE WAllMG FOR RETRANSSStON REQUESTS THE TIMER 
MTERVAL IS UAXMJU WE MTERVAL 


SENDER 


TTC SENDMC STATION FOR A OiANNEl. USUALLY THE STATKM OHWC TIC 
SOURCE MAC ADDRESS 


SEQUENCE 
NUMBERS 


SEOUOtCE NUUBQB ARE HAHTMED SEPARATELY FOR EACH UXKN. CHANNa 
BY TIC SEWER. 



SEND SEQUENCE 
NUMBER 


TK SEQUENCE MUUBER OF THE MOST RECENTLY TRANMTTED DATA FRAME 


REMINDER TIMER 
INTERVAL 


A FIXED NTDtVAL T>E DEFAULT B SO MS. LOKR VALUES Ml MCREASE THE 
OVDfiCAD OF REMMDEIK ON NETWORK LOAD. WILE HIGHER VALUES MCREASE 1>C 
LATEND FOR ENMF- SEQUENCE FRAICS REQURHC RETRANSUBSKXL 
UPllUENTATIONS 9I0ULD NOT USE VALUES OUISDE OF BC RANGE 2S-75 MS^ 
BASED ON 150 US UAXVUU SAVE AND TMES 


MINIMUM 

RETRANSMISSION 
INTERVAL 


AN INTERVAL USED TO PREVENT TOO-FREQUENT RETRANSMISStONS OF A SNGLE FRAUE 
UOST UPORTANT FOR MULTICAST QUNNELS. THE DEFAULT 6 10 MS. 


MAXIMUM 
SAVE LJMiT 


THE UAniUM NUMBER OF FRAMES THAT Hi BE SAVED FOR A SMCU UXICAL 
CHNKL nS MPIDCNTAIKM OEPEMKKT, AND VMES «W TIC MAXMUH 
FRNC RATE THE SEHER B EVECIED TO SUPPQRl VtKLUES ff tOO OR MORE CAN BE 
USEFUL FOR HKH-SPEQ) APnJCAWMS SUW AS VIEa 


MAXIMUM 
SAVE INTERVAL 


TIC HAXHUH TNEIHAT THE SENXR Hi NQRMAUY SAVE A FRME FOR 
POSSeiE RE1RANSHBSKH THE DEFAULT B ISO US 


FIG.S4 


CURRENT SEQUENCE 
NUMBER 


TIC HOST RECENT SEQUENCE NUHOI RECEIVED M A LARQ HEAOOl FOR THE 
QUVWCl. WE1ICR IN A DATA RWC OR A REIMBl CONTROL FRAME 


OLDEST MISSING 
SEQUENCE NUMBER 


THE OUEST SEQICNCE mOER FOR A FRAUE NOT YET RECEPCD VHOH HAS NOT 
BEEN KCLARED LOST. 


MAXIMUM HOLD 
INTERVAL 


M LONGEST MTERVAL THAT A FRAUE KI BE HOI) AWAITMC AN EARLCR USSMG 
FRAME THE DEFAULT B TO USE THE SAME VALUE AS MAOUH SAVE MTERVAL, 
MCH HAS A SFAUIT OF 150 US 


MAXIMUM FSCEIVE 
UMIT 


THE MAUUUU NUWER OF FRAICS THAT A RECQ^R Iti BUFFER IME AWUTMG 
AN EARUER US9(G FRAIC THE DEFAaT 940UIJ) NORMAiiT BE TK SAIC AS THE 

UAJOMUU SAVE uun. 


NACK 

RETRANSMISSION 
INTERVAL 


THE MTIRVAL AFTER MCH A RECEIVER Mi RETRANSUT A NACX CONTRa FRAUE FOF 
A UESNC SEQUENCE NUUBER. «TH T>C E3IPECIAT10N THAT EAIUR NACK CONTRa 
FRAMES OR DATA FRAME RETRANSMBS06 KRE UBL THE DEFAULT FOR FUO 

inaBnAiioNS s a us 
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FICSSa 



HELD 


LENGTH 


MEANING 


OA 


6 OCTETS 


DESTINATION ADDRESS 


SA 


6 OCTETS 


SOURCE ADDRESS 


ETHERTYPE 


2 OCTETS 


OxB86c (LINK CONTI^OL FRAME) 


SSTYPE 


1 OCTET 


-5 


SSLENGTH 


1 OCTET 


NUUBCR OF /U3DI110NAL OCTETS IN 1ME OMIRa tCAOER. STARTING «TH THE 

ssnasatt fhd m oma m\ d€ sccnd(last) ocin of the NEia 

HHOtYPE nOJI SSL£NG1H SHAU SE» 6 FOR SSVERSON a 


SSVERSION 


1 OCTET 


=0 


VENDOR QUI 


3 OCTETS 


AN IEEE ASSIGNED ORGANIZATKMALLY UNIQUE IDENTIFIER 


COHTRO. DATA 


0-249 oces 


VENDOR S^anc CONTROL DATA 


NEXT 

ETHERTYPE 


2 OCTETS 


- icxT umcm r m ENCtfsuunoH foruat. or o if no encapsulaied 

FRAME 


PAD 


9-38 0C1E1S 


ANY VALUE OCTET 


FCS 


4 OCTETS 





FJG.SSb 



HELD 


LENGTH 


MEANING 


DA 


6 OCTETS 


DESTINATION ADtWESS 


SA 


6 OCTETS 


SOURCE ADDRESS 


ETHERTYPE 


2 OCTETS 


Ox886c (UNK CONTROL FRAME) 


LSTYPE 


2 OCTETS 


-32769 


LSLENGTH 


2 OCTETS 


NUMBER OF ADDITIONAL OCTETS STARTING WIH THE LSKR90N FIELO AND 
ENDING WTH T»€ SEOIflXLAST) OCTET OF THE NEXT 
ETKRTfPE FEUX ISlfNGTM 9Wi BE>6 FOR LSVERSON Q. 


LSVERSION 


1 OCTET 


=0 


VENDOR 0U1 


3 OCTETS 


AN CEE ASSIGNED ORGANIZAHONAaY UNIQUE IDENTIFIER 


CONTROL DATA 


I-6563J OCTETS 


VENDOR SPEOFIC DATA 


NEXT 

ETHERTYPE 


2 OCTETS 


- NEXT ETHERTYPE F AN ENCAPSUUHGN FORMAT. OR 0 F NO DCAPSULAIEO 
FRAME 


PAD 


40-0 OCTETS 


IF NEEDED TO MAKE MMMUM SIZE FRAUE. SHOULD BE ZERa 


FCS 


4 OCTETS 
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FIG. 62a 



TABLE INDEX 


TABLE VALUE 




(dB) 


0 


0.00 


1 


3.00 


2 


6.00 


3 


9.00 


4 


12.00 


5 


15.00 


6 


18.00 


7 


21.00 


8 


24.00 


9 


27.00 


10 


30.00 


11 


33.00 


12 


36.00 


13 


39.25 


14 


42.25 


15 


45.25 


16 


48.25 


17 


51.25 


18 


54.25 


19 


57.25 


20 


60.25 


21 


63.25 


22 


65.25 


23 


69.25 


24 


72.25 


25 


75.25 


26 


78.25 


27 


81.25 


28 


64.25 


29 


87.25 


30 


90.25 


31 
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FIG.GZb 



TABLE INDEX 


TABLE VALUE 




(dB) 


0 


0.00 


1 


0.25 


2 


0.25 


3 


0.50 


4 


0.50 


5 


0.75 


6 


0.75 


7 


0.75 


8 


1.00 


9 


1.00 


10 


1.25 


11 


1.25 


12 


1.50 


13 


1.50 


14 


1.50 


15 


1.75 


16 


1.75 


17 


1.75 


18 


2.00 


19 


2.00 


20 


2.00 


21 


2.25 


22 


2.25 


23 


2.25 


24 


2.50 


2S 


2.^b 


26 


2.50 


27 


2.75 


28 


2.75 


29 


2.75 


30 


2.75 


31 


3.00 



FIG.eSa 




FIG.63b 



CHANNEL 




RECEIVED 
SIGNAL 



y DATA 
CHARACTERIZATION 
SIGNAL 
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FIG.66a 



TABLE INDEX 


TABLE VALUE 


0 


0.00 


1 


6.00 


2 


12.00 


3 


18.00 


4 


24.00 


5 


30.00 


6 


36.00 


7 


42.25 


8 


48.25 


9 


54.25 


10 


60.25 


11 


66.25 


12 


72.25 


13 


78.25 


14 


84.25 


15 


90.25 


FIG,66b 


TABLE INDEX 


TABLE VALUE 


0 


O.OO 


1 


0.50 


2 


1.00 


3 


1.50 


4 


2.00 


5 


2.25 




2.75 


7 


5,25 


8 


5.50 


9 


4.00 


10 


4.25 


11 


4.50 


12 


4.75 


13 


5.25 


14 


5.50 


15 


5."^5 
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00 
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FIG.72a 

NODE A NODE B NODE C NODE D 

XMIT QUEUE XMIT QUEUE XMIT QUEUE XMIT QUEUE 
^ ^ ^ 



PRI=7 



PRI=0 



I PRI=5 



PRI=5 



PR1=3 



PRJ=5 



PRI=5 



PRI=4 



PRI=5 



NODE A 
XMIT QUEUE 



HPNA 2.0 LAN 



FIG.72b 



NODE B NODE C 
XMIT QUEUE XMIT QUEUE 
I 1 



PRI=0 



PR1=7 



NODE D 
XMIT QUEUE 
1 



I 



PRI=5 
I PRN5 



PRI=3 



PRI=5 



PRI=5 



PRI=4 



PRI=5 
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2044- 



STOATURN 3 
REFERENCE 



^2020 

00C9S 
HEADEND EQUIPMENT 



TIMING 
SYNCHRONIZATION 
QRCUIT 



2040- - 
2012— 



-2042 



OOCaS TIMING 
INFORMATION 
EXCHANGE MESSAGES 
(SYNC PACKETS) 



TIMING 
SYNCHRONIZATION 
CIRCUIT 



DOCSIS 

CUSTOMER EQUIPMENT 
(CABLE MODEM) 




HPNA MAC 



TIMESTAMP 
CIRCUIT 



HOME GATEWAY 



HPNA TIMING INFORMATION 
EXCHANGE MESSAGES 
(m PACKETS) 



20170 



2048 




'2015 
'2046 
"2018 



-2014 



2016 
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UPSTREAM 




DOWNSTREAM 




"lOE-6 


91X 


90:c 


"10E-6 


9\X 


90X 


PARAMTER 


CASE 


CASE 


CASE 


CASE 


CASE 


CASE 


ACCESS DELAY 


3.1 


1.3 


1.3 


3.1 


1.3 


1.3 


CGUJSGN RES0LU1KM 


2.7 


2.7 


0.8 


2.7 


2.7 


0.8 


3 UP, 1 DOWN 


2.1 


1.0 


1.0 


2.1 


1.0 


1.0 


LAST UP 


0.5 


0.3 


0.3 


0.5 


0.3 


0.3 


CCmSION RES0LU1KM 


0.8 


0.8 


0.8 


0.8 


0.8 


0.8 


3 UP. 1 DOWN 


2.1 


1.0 


1.0 


2.1 


1.0 


1.0 


LAST UP 


0.5 


0.3 


0.3 


0.5 


0.3 


0.3 


3 DOWN 








1.5 


0.8 


0.8 


3 DOWN 








1.5 


0.8 


0.8 


TOTAL LATENCY 


11.8 


7.4 


5.5 


14.9 


8.9 


7.1 



lOE-6 CASE IS 10E-6 CRA ONCE OF TWO TRIES IN HOUCS WITH MAXIMUM 

4MBITS/SEC RAW RATE 

91% CASE IS 10E-6 CRA ONCE OF TWO TRIES IN HOMES WITH MINIMUM 
lOMBITS/SEC RAW RATE 

90% CASE IS IOE'1 CRA TWICE IN TV/0 TRIES IN HOMES WITH MINIMUM 
lOMBITS/SEC RAW RATE 

VALUES IN THE TABLE ABOVE ARE IN MILLISECONDS. 



OVERHEADS: 
IFG 



0.018 
MSEC 



PER 
COLL 

a206 
MSEC 



FRAME 
HDR 

0.07 
MSEC 



LARO 
HDR 

8 

BYTES 



RTPJi 

DR 

40 
BYTES 



UNEAR 
PCM 
FRAME 
SIZE 

160 
BYTES 



5 5 5 

NODES NODES NODES 

CRA CRA CRA 

lOE-6 lOE-1 nXED 

13 4 2 
(^|HffK n ] tj [fqnK OOUJSOE 



FRAME HEADER INCLUDES PREAMBLE. FC. DA. SA. TA. EOF 
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PCTAJ50 1/10882 



FIG. 75 







UPSTREAM 




DOWNSTREAM 




'lOE-6 


91% 


90% 


'10E-6 


91% 


90% 


PARAMTER 


CASE 


CASE 


CASE 


CASE 


CASE 


CASE 


ACCESS DELAY 


3.1 


1.3 


1.3 


3.1 


1.3 


1.3 


CQLUSIQN RESaUTIQN 


0.4 


0.4 


0.4 


0.4 


0.4 


0.4 


3 UP, 1 DOWN 


1.4 


o.a 


0.8 


1.4 


0.8 


0.8 


LAST UP 


0.5 


0.3 


0.3 


0.5 


0.3 


0.3 


C0UJ90N RESaUHON 


0.0 


0.0 


0.0- 


0.0 


0.0 


0.0 


3 UP. 1 DOWN 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0. 


LAST UP 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


3 DOWN 








1.1 


0.6 


0.6 


3 DOWN 








0.0 


0.0 


0.0 


TOTAL LATENCY 


5.5 


2.7 


2.7 


6.5 


3.3 


3.3 







Meaning 


DA 


6 

octets 


Destination Addxess 


SA 


6 

octets 


Source Address 


Ethertype 


2 

octets 


(TBO) • VOHN Link Control Frame - new IEEE 
assignment 


Type 


2 

octets 


1 - Timestanp Sync Hesaage' 


Length 


2 

octets 


- 4 


Version 


2 

octets 


- 0 


SeqNun 


2 

octets 


Tinestaiq} Sync Message Sequence Nuidier 


Pad 




Any value octet 


PCS 


4 

octets 


Fraaa Check Sequence 
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DA 


6 

octet 


Deatlnation Address 


8A 


6 

octet 
s 




Ethertype 


2 

octet 
s 




Type 


2 

octet 

s 


2 - TiiMBtanv) Report Message 


Length 


2 

octet 
s 


Number of additional octets in the 
li2?H^il!2 ^''^f*' "5*'ting with version 
ttl i with the last octet of 
the Data ^ayload field. Miniwnm is 2? 


Version 


2 
s 


- 0 


TSHSeqNUD 


2 

octet 
s 


Sequence number of TSM to which the 
Timestanp in this message is applicable. 


Tinestan^ 


4 

octet 
s 


Timestanp of a previously transmitted 
Tinestaup Report Hessaoci <«(ii>*^rZZI^ 
TSMSeqSIm. "essaga. corresponding to 


Ftequency 


2 

octet 

8 


Resolution of the tUnestamp and Gtinestaap 
fields, in ticks/1. oooms. Ftor example, 

at 32.76eMhz, In which the LSBlt of the 
Timestanp corresponds to a time of 
0.03051757ai25usec. The Timeatan^ will 
rollover every 13i seconds - 2.2 minutes 


HumGrants 


2 

octet 
s 


Number of Grant Timestamps specified in 
the payload of this control message. 
NianGrants may be zero. Each grant 
tineatapip is accompanied- by a Line id and 
Call ID field. Including the Grant 
Tunestamp, the total fox each grant 
timestanp is 8 bytes. 



PCTA)S01/10M3 



7M01 



Line ID 


2 

octet 
s 


"id TTT ~ — 1 

Identifier of the Line termination 
Si:^s?i:S."''' i— diately following 


Call ID 


2 

octet 
s 


Identifier of the call instance on the 

associated with the 
imnediately following GTimeat«"y 


GrantTinest 


4 

octet 

8 


Grant Timestanp corresponding to the 
lomedlately preceding Line ID. This is 

to receive a future constant bit rate 
service flow packet in order to minimize 
f latency to subsequent delivery to 
a synchronous network. The tiae value 
corresponds to the tlae at the timino 
P««l"ts for the^ 
identified service flow are expected to 
JJjf'J^ periodic Intervals measured from 






additional instances of {Line ID, Call ID. 
Grant Tiaeatamp) field tuples 


Pad 




Any value octet 


ICS 


4 

octet 
s 


Frame Check Sequence 
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PIN NAME 


a«-slde Function 
(HPKA timing 




Handset Peaotien 
(HPNA timing slave) 




DPLL REF CLK 


DPLL input clock 


IN 






Grant [4] 


Grant Present 
Xndieati<m 


IN 






Grant [3] 


Grant SID 
Value (31 


IN 






Grant [2] 


Grant SID 
Value [2] 


IN 






Grant [11 


Grant SID 
Value (1) 


IN 






Grant EO] 


Grant SID 
Value [01 


IN 






V_CLK_OOT 






DPLL output clock 


OUT 


GPI[01 






Grant Present 
Indication 10] 


OUT 


6PX{1] 






Grant Present 
Indication (11 


GOT 
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PIN K&ME 


CM-sidjB Function 
(BPNA timing 




Handset Pnnotion 
(HPIilA. timing slave) 




DPIL REF CLK 


DPLL iiiput clock 


IN 






Grant [4} 


Grant Present 
Indication 


IN 






Grant (3] 


Grant SID 
Value [3] 


IN 






Grant [21 


Grant SID 
Value 12] 


IN 






Grant (1) 


Grant SID 
Valued] 


IN 






Grant (0} 


Grant SID 
Value |0] 


IN 






V CLK OUT 






DPLL output clock 


OOT 


Frame [0] 






Frame boundary 
marker [0] 


OUT 


Framed] 






Frame boundary 
marker [1] 


OOT 
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amr input Im loftwn Bivid md bioMl 
by loftwore 

t ^ — 3022 



Ficao 



3024- 



RCOSTER^S REGSTERJUS 
3070^ I 







-POJXK 




V_SCALE 






TS.OK IffiGSItRJUS 

lOUitMt output to 

kihl w l cutpui to RX itoins Mon) 
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h2 
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Vm HAME 


CM-sida Function 
(HPKA timing 




Handset Ftinotioa 
(HPNA timinp slave) 




DFU;,_REF.CLK 


TlimstaBp input 
eXock 


IN 


Tlnwatanp input 
clock 




Grant (4) 


Grant Present 
Indication 


IN 


NA 




Grant (3] 


Grant SID 
Value 13] 


IN 


NA 




Grant [2] 


Grant SID 
Valoe[2] 


IN 


NA 




Grant [1] 


Grant SID 
ValuttUl 


IN 


NA 




Grant [0] 


Grant SID 
Value [0] 


IN 


NA 
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Bit- 


Field 


Dascsiptua 


7-3 


Reserved 




2 


TsReset 


Hhen set to 1, forces tijnestamp register 
to value of 0x00000000. When set to 0, 
allows timestanp register to increnent by 
one for each detected DPI<L_B£F_CLK rising 
edge. ~ *" 


1 


SGrant 


Hhen set to 1, causes tintestanp to be 
latched into. txTimeStampHigh and 
txTimeStampLow registers whenever the 
value of tacSID matches the value of input 
pins Grant [3:0] and Grant [4] is asserted. 
When set to 0, disables txTiaeStan^High 
and txTineStanqpLov latching under the 
stated conditions. 


0 


TNastex 


When set to 1, enables txTinestan^sHlgh and 
txTimestaiq>Low registers to be latched 
with timsstanp values at tines determined 
by frame transmiaaions (through the LTS 
descriptor bit) or grant events (through 
the sGrant descriptor bit) . Hhen set to 
0, enables txTimestaaq>High and 
txTimestainpLow registers to be latched 
with timestamp values at tines determined 
by txTimeStampHigh and txTineStanpLow 
register read accesses. 


Default yalue of this register is 0x05 


Bit 


Field 


Deseription 


7-4 


Reserved 




3-0 


SID 


StD value that is to be matched by 
Grant [3:0] pins in order to cause a grant 
timestamp value to be latched. Hhen the 
Grant(3:0] pins match the SID value and 
the Grant[4] input is land the sGrant 
register bit is 1, then the current 
tiroeatarop value will be latched into the 
txTimeStampKlgh and txTineStaiqiLow 
registers. 



Default value of this register is 0x00 
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FIG. 84a. 

DPLL OUTPUT JfTTER 
TS-24.576MH2. TRM*1.0SEC. LG:*0.9. IG=0.1. TG(X»-0.95. 

M_J_X3EV«1PPM 



aOOE-06 

6.00E-06 

4.00E-06 

ZOOE-06 
ER 0 
C) O.OOE+00 

-2.00E:-06- 

-4.00E:-06- 

-6.00E-06- 

-8.00E-06- 

































m 


















r 






\ 1 















TIME (SEC) 
DPUL OUTPUT JTTER 

FIG,84h 

DPLL OUTPUT JITTER 
TS«24.576MHz. ■n?M=1.0SEC. LG=0.9. IG«0.1. TGOOD=0.95. 
M_J_DEV-OPPM 



JITTER 2.00E-08 
(SEC) 




10,000 



TIME (SEC) 
-DPLL OUTPUT JITTER 



Bit 


Field naae 


Description 


15-0 


txTineStarapL 

OW 


Least significant 16 bits of the 
latched tx timestamp value 


Default value of this register is undefined. 








Bit 


Field naae 


Desoriptioti 


lS-0 


tsTimeStas^H 
Igh 


Moat significant 16 bits of the 

latched tx timestamp value 


Default value of this register is undefined. 






Bit 


Field nane 


Description 


15-0 


rxTineStampL 

OW 


Least significant 16 bits of the 
latched rx timestamp value 


Default val 


ue of this register is undefined. 


Bit 


Field name 


Oesorlption 


15-0 


rxTimeStampH 
igh 


Most significant 16 bits of the 
latched rx timestamp value 



Default value of this register is undefined. 
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Length 


Meaning 


OA 


6 

octets 


Destination Address (FF.FF.FF.FF.FF.rF) 


SA 


6 

octets 


Source Address 


Gthertype 


2 

octets 


0XB86C (HPNA Link Control Frame) 


SSType 


1 octet 


- TBD 


SSLength 


1 octet 


Number of additional octets in the 
control header, starting with the 
SSVersion field and ending with the 
second (last) octet of the Next 
Ethertype field. Minimum is 16. 


SSVersion 


1 octet 


= 0 


TRM_type 


1 octet 


Value of xOO means that this is a trm 
containing a valid timestamp. Value of 
xOl means that the master does not have 
a valid clock and slaves should give 
local indication that they are no 
longer locked to a master reference. 
Value of x80 means that this is a TQM. 
Value of xBl means that this is a TSM. 
All other values are reserved. 


TRMSeqNun 


2 

octets 


Timestao^ Report Message Sequence 
Number for this message. Sequence 
number of xOOOO indicates an initial 
TRM, implying that Timestamp and 
PrevTRMSeqNum are both invalid. 


PrevTRHSeqHu 
m 


2 

octets 


Sequence number of TRM to which the 
Timestamp in this message is 
applicable. The value of PrevTRMSeqNum 
is not necessarily equal to TRMSeqNum 
minus one. PrevTRMSeqNum is set to 
xOOOO for the first TRM of a TRM pair. 
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Flald 




Moaninfl 


Tinea tamp 


4 

octets 


Timestamp of a previously transmitted 
Timeatainp Report Message, corresponding 
to PrevTRMSeqNuro. The LSBit of the 

0.030517S78125*<3ec - one clock tick «t 
32.768NHZ. The Tiinestamp will rollover 
every 131 seconds - 2.2 ninutes. 


NunSlots 


1 octet 


Number of Slot Tinwstanqps specified in 
the payload of this control message. 
NumSlots may be zero. Each Slot 
Tlmestamp is accompanied by a NACAddr, 
and Channel_ID field. Including the 
Slot Timestamp, each Slot Tiraestainp is 
12 bytes long. 


PAO_0 ■ 


3 

octets 


Padding to align to a 32-bit boundary. 
Always present, even when NunSlots has 
the value of 0. 


MACAddr 


6 

octets 


MAC Address associated with the 
immediately following jChannel_ID and 
STlmestaiiqiJ 


Channel_ID 


2 

octets 


Identifier for a channel associated 
with the immediately preceding HACAddr. 


STinttstanp 


K 

octets 


Slot Tinestamp corresponding to the 
immediately preceding Channel^ID. This 
is the time at which the TRM sender 
wishes to receive a future constant bit 
rate service flow packet in order to 
minimize overall latency of delivery to 
a synchronous network. The time value 

master. Additional packets for the 
identified service flow are expected to 
arrive at periodic intervals measured 
from this time. The LSBit of the 
STimestamp corresponds to a tine of 
0.0305l7S78125Msec - one clock tick at 
32.768MHz. 


NACAddr 


6 

octets 


MAC Address associated with the 
immediately following Channel-ID and 
STimestamp. 


Channel_iD 


2 

octets 


Identifier for a channel associated 
with the immediately following 
Channel_ZD and STimestamp. 
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,05(3} 









STinestanqi 


4 

octets 


Slot Tlmestamp corresponding to the 
imnediately preceding Channel lo. This 
is the time at which the TRM sender 
wishes to receive a future constant bit 
rate service flow packet in order to 
minimize overall latency of delivery to 
a synchronous network. Additional 
packets for the identified service flow 
are expected to arrive at periodic 
intervals measured from this time. . The 
UBit of the STime'stamp corresponds to 
a tine of 0. 030517578 125psec - one 
clock tick at 32.768 HHz. 






(additional instances of MACAddr, 
Channel_ID and Gtimestan^ fields, until 
the number of Gtimestaiip fields equals 
NumGrants) 


Next 

Ether type 


2 

octets 


- 0 


Pad 


max 
(0,44- 
SStengt 
h 

octets 


Any value octet 


PCS 


4 

octets 





SUBSTITUTE SHEET <RUL£ 26) 



PCT/US01/10SS2 



36 







Moaning 


OA 


6 

octets 


Destination Address (FF. FF. FF. FF. FF, FF) 


SA 


6 

octets 


Source Address 


Ethertype 


2 

octets 


0x88 6c (HPNA Link Control Frame) 


SSType 


1 octet 


- 6 


SSLength 


1 octet 


Number of additional octets in the 
control header, starting with the 
SSVersion field and ending with the 
second (last) octet of the Next Bthertype 
field. Hinlnun is 4. 


SSVersion 


1 octet 


- 0 


TRM_type 


1 octet 


value of xBO neans that this is a TQH. 


Next 

Ethertype 


2 

octets 


- 0 


Pad 


NIN{0,4 
0- 

SSLengt 
h) 

octets 


Any value octet ' 




4 

octets 





0T 



gjeld 


Lenffth 




DA 


6 

octets 


Destination Address (FF.FF-FF.FF.FF.FF) 


SA 


6 

octets 


Source Address 


Ethertype 


2 

octets 


0x8 8 6c (HPNA Link Control Frame) 


SSType 


1 octet 


- 6 


SSLength 


1 octet 


Number of additional octets in the 
control header, starting with the 
SSVersion field and ending with the 
second (last) octet of the Next Ethertype 
field. Minimun is 4. 


SSVersion 


1 octet 


- 0 


TRH_type 


1 octet 


Value of xSr means that this is a TSH. 


Next 

Ethertype 


2 

octets 


• 0 


Pad 


MIH(0,4 

0- . 

SSLengt 

h) 

octets 


Any value octet 


FCS 


4 

octets 
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FjG.aa 



DISTORTION 
RATIO 























y/y/A 


















1 












1 











INPUT LEVEL 


uraFOQi ouanhzer 

+ COMPANDER SNR 


IHE REQUIRED SNR FOR AOC/DAC 


OdBm 


36.43dB 


60dB 


-30d8m 


».50dB 


S4<1B 


-40dBm 


30.Q9dB 


4MB 




INPUT LEVEL 


G.7t2 SNR SPEC 


7>C TDTM. 90? «1H UWQRU QUMMR^aWMJER^JTIER CLOCK 


OdSm 


35dB 


38.32dB 


60dB ADC/DAC SNR IS USED) 


-30dBm 


3506 


35.42dB 


S4<1B AOC/DAC SNR IS USED) 


-40d8m 


29(18 


30.06(]B 


,44^ AOC/DAC SNR IS USEdS 






INPUT LEVEL 
OdBm 


G.712 SNR Srcc 
35dB 


IHE TOTAL SNR MIH UNFORH QUMnOERtCOMPMIDRf JTIER aO« 


-JOdBm 


35da 


3a.38dB (fiOdB ADC/DAC SNR IS USEOi 
35.26dB f54dB AOC/DAC SNR IS USED) 


-4Od0m 


29dB 


30.03dB f44da AOC/DAC SNR IS USED) 
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CM 
Oi 




i 

O 

o 
< 

X 
2 



CM 
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Octat 


Fiald 


h 


DasoripUon 


Flags 
0 


TxPriority? 




Station is (was) transmitting 
frames with LL priority 7. 
(always set) 




TxPriority6 




Station is (was) transmitting 
frames with LL priority 6. 




TxPriorityS 




Station is (was) transmitting 
frames with LL priority 5. 




TXPriority4 




Station is (was) transmitting 
frames with LL priority 4. 




TxPriorityS 




Station is (was) transmitting 
frames with LL priority 3. 




TxPriority2 




Station 'is (was) transmitting 
frames with LL priority 2. 




TxPriorityl 




Station is (was) transmitting 
franes with LL priority 1. 




TxPrlorltyO 




Station is (was) transmitting ' 
frames with LL priority 0. 
(always set) 


Flags 


Reserved 




Shall be sent as 0 and ignored 
by 2*0 stations when received* 




CSS Master Capab 
lllty 




This station is capable of 
operating as a CSS Has tar 
node. 




No_VlM2_Frainea 




This station doea not support 
the reception or transmission 
of compatibility frames (V1H2 
frames) . 




Supports 4Mbaud 




This station supports A 
Riegabaud payload encodings. 


Flags 

2 


Reserved 




Shall be sent as 0 and ignored 
by 2.0 stations when received. 


Flags 
3 


ConfigVZ 




Force use of 10M8 mode, defers , 
to Configl and ConfigVlMs. 




ConfigVlH2 




Force use of HPNA V1H2 mixed 
mode, defers to ConfigVl. 
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Octet 


Field 


Lengt 
h 


DesQsiption 




ConfigVl 


1 


Force use of HPHA 1.x mode, 
highest precedence of config 
flags. 




Reserved 


2 


Shall be sent as 0 and ignored 
by 2.0 stations when received. 




Highest Version 


3 


This station's highest 
supported HPNA version: 
0x000 — Reserved 
0x001 — HPNA 1.0 
0x010 — HPNA 2.0 
0x001-0x111 Reserved 
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CSELength 



1 

octet 



2 

octet 



XOO ■ signifies a CSS Extension type 



X08 - Number of additional octets in this 
CSEType. CSESiength is always xOB for 
CSETType > xOO > CSS 



MAC address of client station 



CSS sequence, B two-bit values 
concatenated: 0-2 indicate a specific 
signaling slot, while 3 indicates the use 
of a randomly selected value chosen by the 
client at the time of the collision. 
XOOOO • xBFFF - assigned CS5_5£Q value for 
the node possessing the MAC address 
specified in CSSJKAC 
XCOOO - xFEFF - reserved 
XFFOO - indication by the client node 
specified by CSSMAC that it is no longer 
an active sender of link layer priority 6 
frames (equivalent to a "0 active 
channels" indication) 

XFFOl - xFFFB - request by the client node 
specified by CSS_HAC for a CSS Sequence 
from the master node. The 8 Least 
significant bits indicate the number of 
active channels which are sending link 
layer. 

priority 6 frames for this client. 
XFFFF - reserved . 



2-blt CSS regist^ valae 


Signal slot integer (decimal) 


00 


0 


01 


1 


. 10 


2 


11 


Random in range (0,2] 



SUBSTITUTE SHEET (RULE 26} 



SUBSTTTUTE SHEET (RULE 26) 



WO01/7I4M 
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^ B C O 



11 



00 oo S ^ 



lllll 
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In view of the 1*rge number of clalos, and also of their wording. It 1s 
toposstble to determine the natter for which protection Is sought. 
Consequently, the application falls to conply with the clarity and 
conciseness requirements of Article 6 PCT (see alto Rule 6.1(i) PCT) to 
such an extent that a meaningful search Is Impossible. For ttwie rusons, 
the search has been carried out for those parts of the application which 
do appear to be clear, namely, for the subject natter of claim 3. which 
corresponds to the statemtent of Invention given on page 3 (lines 19-34). 

The applicant's attention Is drawn to the fact that claims, or parts of 
claims, relating to Inventions In respect of which no International 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
Is advised that the EPO policy when acting as an International 
Preliolnary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the starch report or during any Chapter II procedure. 
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